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PREFACE BY Q. C. GREENWELL, 

M.I.O.B., F.G.S. 



One of the greatest necessities of human life is an ample 
snpply of wholesome water ; and few objects are occasion- 
ally more difficult of attainment, not so much on account 
of any approach to impracticability as of certain hindrances 
to the mode of setting about it. 

The situation of indiyiduals wit^ respect to each other 
renders that combination of the con^uent parts of society^ 
which is necessary in order tq bring about a general 
co-operation, very difficult to adjust. 

-The supply of water enjoyed by one portion of the 
community may be sufficient both in quantity and in 
quality for all of its requirements; but the less happily 
circumstanced remainder may be dangerously near want. 
On the one hand, water is demanded, eyen though at the 
cost of the whole community; while on the other, such 
compulsion appears to be extremely unjust. 

We are thus, at the very outset of the question of 
coerciye water supply, met by antagonisms, which most 
certainly have not as yet been reconciled, with the result 
that many desirable schemes have either been quashed in 
their incipience, or, if completed under pressure, have 
given rise to heartburnings which have been productive 
of anything but peace and goodwill. 

This early stage of the proceedings is, however, in the 
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present work supposed to have been passed oyer: the 
*' tempest in the teapot" has exhausted itself, the strong 
will has prevailed, and the weak has gone to the wall as 
usual; the powers necessary to establish the waterworks 
have been obtained, and to direct in plain language how 
the precious element is to be brought from its hidden spring 
or other sources for the good of the population of the 
rural districts is the object of this little work* 

There are yarious treatises, such as those by Messrs. 
Humber, Burton, Tamer and Brightmore, and Fanning, as 
well as innumerable papers, which admirably deal with 
the questions of Water Engineering; but most, if not all 
of these, are of a more or less elaborate character ; and it 
appeared to the writers that an elementary work on the 
subject was much to be desired — such as should enable the 
student to acquire a knowledge of the principles ^nd con- 
struction of waterworks, simple in detail and efficient in 
application ; which would qualify him to arrange and com- 
pljBte a system of waterworks on a moderate and effectiye 
scale — due qualification in which respect would lay the 
foundation for the future mastery of more important 
schemes. 

The Authors haye endeayoured constantly to keep in 
view, so far as lay in their power, simplicity of expression 
and of formulas, in the hope of producing such a book as 
should be readable and intelligible by eyery one who 
earnestly desires to step on the lower rung of the ladder 
with the determination to climb gradually to the top. 

G. C. GREENWELL. 

DUFFDSLD, NEAB DeBBT, 

Uay, 1895. 
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This little coutrlbation to the literature of Waterworks 
Engineering is based upon a series of articles which 
appeared in the '* Student's Column " of the Builder^ from 
July to December, 1894, the articles having since been 
reTised and brought up to date. 

The Authors desire to express their grateful acknow- 
ledgment for the valuable information which they have 
obtained from the many standard works referred to in 
the text. 

A. G. 
W. T. C. 

LOKDON, 

September, 1895. 



AUTHORS' PREFACE TO SECOND 

EDITION. 



The kind reception which the Public has accorded to this 
little work has enabled the Authors to present a second 
edition with less diffidence than would otherwise have been 
the case. The book was originally compiled with a view 
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to supplying simple and practical information necessary to 
the efficient and economical construction of small systems 
of Water Supply, and the encouraging and complimentary 
opinions expressed by the leading organs of the Press, and 
by numerous private individuals, have led the Authors to 
believe that such a book was needed. 

The second edition of " Eural Water Supply " is mainly 
a re-issue of the first edition, but with such corrections and 
additions as appeared to the Authors to be necessary in 
order to keep the work up to date. 

The Authors take this opportunity of gratefully thanking 
their numerous correspondents for many valuable and 
interesting suggestions. 

A. G. 
W. T. C. 

5, AuuNBEL Street, Stband, London, W.O. 
OdUiber^ 1898. 
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CHAPTER I. 
PBELIMINARY. 

The benefit of a plentiful supply of wholesome water in the 
country is hardly to be overestimated. Until recent years 
generid systems of supply were almost entirely confined to 
towns, and, except in a few cases, where liberal-minded 
landowners carried out gravitation, or even small pumping 
schemes for the supply of water to their estates, rural 
populations were largely dependent upon open streams and 
shallow wells, which are always liable to pollution. The 
necessity for a proper supply of water to towns and con- 
gested populations generally is evident to all ; but the idea 
that there should be any difficulty in procuring potable water 
in the country would seem incredible to most people who had 
not made rural life more or less of a study. The matter, 
however, rises to great importance when we remember that 
country areas are the source of supply of most of the food 
which is consumed in towns ; and that when, for instance, a 
farm supplies milk for sale, any evil conditions under which 
that milk is produced follow it; and an impure water 
supply at a farm is frequently the cause of an outbreak of 
typhoid fever amongst the consumers of the milk at a 
distance. 
A great change has, however, recently taken place, and 
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solieines of mral water supply, especially in the Midlands, 
have becoma as plentiful as blackberries. This is partly 
attributable to the advance in sanitary knowledge, and to 
the necessities of rural populations becoming daily more 
pressing. 

Sources liable to pollution tend to become more polluted, 
and pollution, generally speaking, is cumulative. The 
recent exceptionally dry seasons have brought to light 
distressing cases of privation, and one exposure has led to 
others. 

The Local Oovernment Act, 1888, has enabled County 
Councils to put considerable pressure upon local authorities, 
when they are of opinon, on the report of their Medical 
OfBcer of Health, that such authorities are not properly 
performing their duties under the Public Health Acts, one 
of which is to provide efficient water supplies for their 
districts. 

The Local Government Act, 1894 (commonly known as 
the Parish Councils Act), includes two sections, which will 
probably facilitate the provision of many rural water 
supplies, which have hitherto appeared impracticable. 

Sec. 8 gives power to a parish council "to utilize any 
well, spring, or stream within their parish, and providing 
facilities for obtaining water therefrom, but so as not to 
interfere with the rights of any corporation or person." 

Sec. 16 provides that where a parish council resolve that 
a rural district council ought to have provided the parish 
with a supply of water " in cases where danger arises to the 
health of the inhabitants from the insufficiency or unwhole- 
someness of the existing supply of water " (Public Health 
Act, 1875, sec. 299), complaint may be made to the County 
Council, which may transfer those duties to itself, or may 
appoint a person to perform the duty. 

There are very important differences between urban and 
rural water supply, which often make the difficulties to be 
contended with much greater in the latter than in the former. 
Except where the scheme is carried out by private indivi- 
duals for the benefit of their estates, the duty of providing 
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an efficient water supply uBually devolves upon the local 
authority. 

By the Public Health Act, 1875, sec. 299, it becomes the 
duty of a Local Authority to provide their district with 
a supply of water, '< in cases where danger arises to the 
health of the inhabitants from the insufficiency or nn- 
wholesomeness of the existing supply of water, and a 
proper supply can be got at a reasonable cost." The money 
for carrying out such a supply is usually obtained on loan 
(after a Local Government Board inquiry), repayable by 
yearly or half-yearly instalments of principal and interest 
in thirty years. The present rate of interest is usually 
three per cent, per annum, which makes the annual instai* 
ment £5 2«. ^\d,. per cent. 

This annual charge, together with the working expenses, 
has to be met either by a water-rate over the whole area, or 
by charges made upon the consumers, or by both. Li an 
urban district, where nearly the whole population benefits 
by the supply, a water-rate is not necessarily a hardship ; 
but in rural districts, where the area is determined by parish 
boundaries, and only a small portion of the population 
benefits by the supply, the case is different. As a conse- 
quence of the shuffling which frequently becomes possible 
through the intricacies of the law upon the subject, the few 
are sometimes benefited at the expense of the many. 

A small village had a fairly good water supply, but it 
included a patch of elevated ground excellently suited for 
building sites, but where water was conspicuous by its absence. 
Largely through the instrumentality of a local architect, 
himself a lea<^g member of the local sanitary authority 
this patch of ground was covered with houses of the villa 
class, in spite of section 6 of the Public Health (Water) 
Amendment Act, 1878, which makes it unlawful in any 
rural district for the owner of any dwelling-house which 
may be erected or rebuilt after the passing of this Act, to 
occupy or permit the same to be occupied without first 
obtaining the certificate of the sanitary authority, " that 
there is provided, within a reasonable distance of the house, 
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sucli an available supply of wholesome water as may appear 
to such authority to be sufficient for the consumption and 
use for domestic purposes of the inmates of the house." 

The houses being built and occupied, it became necessary 
to provide them with water ; so a scheme was approved and 
carried out by the Local Sanitary Authority. To meet the 
expenditure attendant upon the first cost of the scheme, for 
obvious reasons, a water-rate was made over the whole 
parish, instead of a charge being made on the consumers 
only. One of the inhabitants of the village, who resided 
upon his own property, had, previous to the above events, 
expended over a hundred pounds in order to efficiently 
supply his house with water from an excellent, never-failing 
well upon his premises. Notwithstanding that this supply 
had been pronounced of exceptional purity by competent 
analysts, this unfortunate owner was compelled to contribute 
some £5 a year for a commodity which he in no way 
required. It is needless to observe that this individual was 
not the only sufferer. 

In certain cases the Local Oovemment Board will consent 
to a special district being constituted, excluding as far as 
possible such areas as will not receive or do not require a 
supply. The Local Government Board, however, are rarely 
in favour of this step for purposes of water supply alone. 
The only alternative, therefore, is to make a charge upon 
the consumers sufficient to cover the periodical instalments 
of principal and interest, as well as the working expenses of 
the scheme. 

The maximum charge which may lawfully be made (ex- 
cept under special circumstances) where a house is without 
a proper supply of water, and where a supply is enforced by 
a local authority, is 2d. a week per house, or 8^. 8d a year. 
Where, however, the supply is given by agreement, the 
authority may make such reasonable charge as they think 
fit. Where the rate is levied upon the consumers only, it 
must be so adjusted as not to produce a profit which would 
benefit the ratepayers at large at the expense of tho 
consumers. 
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A nsnal charge is 2i. per week for houses with a rateable 
value under ten pounds per annum, and 5 per cent, per 
annum when the rateable value exceeds that amount. This 
scale averages 5 per cent, per annum throughout. 

If the annual instalment of principal and interest, together 
with the working expenses, does not exceed 5 per cent, on 
the rateable value of the property supplied, the scheme can 
be made self-supporting, as the remainder of the parish or 
parishes, receiving no benefit from the supply, need not be 
made to contribute. If, however, the expenditure exceeds 
the receipts, the balance must be met by a special water-rate 
levied over the whole area, irrespective of benefit. 

As the rateable value of rural is considerably less than 
that of urban districts, area for area, and as the length of 
pipe necessary for the supply of a given number of houses 
is many times greater, the first cost of a water supply 
scheme for a rural area must of necessity be made relatively 
small and the working expenses reduced to a minimum. To 
secure this end gravitation schemes are usually the only 
means which can be entertained, as the 5 per cent, above- 
mentioned rarely allows a sufficient margin for the working 
expenses of a pumping establishment. Occasionally a self- 
acting pumping system becomes possible where a fall of 
water can be utilized to work a water-wheel, turbine, or 
hydraulic ram. 

In the following pages, it is proposed to deal with such 
schemes as are usually feasible in rural districts, taking the 
above remarks into consideration. The various systems for 
affording such supplies will be described in detail, the 
principles explained, the machinery and materials carefully 
described, and the necessary information supplied both for 
preparing and carrying out the schemes. Plans, sections, 
specifications, and estimates of cost will be given, and, 
where possible, detailed prices of materials and workman- 
ship will be indicated. 
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CHAPTEE II. 

VARIOUS METHODS OF SUPPLY. ADVANTAGES AND 

DISADVANTAGES OF EACH. 

The selection of a sonroe from which to obtain a water 
supply for a rural district, is dependent on a variety of 
considerations, among which are the following : — 

1. Purity of the supply, 

2. Volume and permanency. 

3. Elevation with regard to the district to be supplied. 

4. Distance from the district to be supplied. 
6. Nature of intervening ground. 

6. Purchase of water rights and easements. 

In the " Suggestions as to Water Supply," etc., issued by 
the Local Government Board, the various sources from 
which water is usually obtained for purposes of domestic 
supply are arranged as follows : — 

From mountain ranges, which act as condensers. 

From rivers and streams. 

From natural springs. 

From wells artificially formed. 

From impounding reservoirs. 

From a combination of two or more of these sources. 

Impurities likely to be met with in a source of water 
supply are of two kinds — 

1, Those that can be removed by inexpensive means 
— e,g. mechanical filtration. 

2. Those which cannot be thus removed, or in the removal 
of which heavy expense would be incurred. 
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In the former class are included organic matter of 
vegetable origin in suspension — e.gr. peat, also non-poisonous 
mineral substances, such as carbonate of lime. 

In the latter class are included the products of decaying 
organic matter of animal origin, as well as actual organic 
life, or what is generally known as sewage contamination ; 
also poisonous substances, such as lead, and other substances, 
such as common salt (NaCl) which becomes injurious when 
present in large quantities. Undoubtedly the first necessity 
of a water supply for domestic purposes is purity, and this 
must be assured at the outset. [See farther on this subject 
under Note on p. 11.] 

In taking samples of water for purposes of analysis, a 
perfectly clean stoppered Winchester quart bottle (holding 
about half a gallon) should be used. The bottle should 
have been previously washed out with a little strong 
sulphuric (H^SO^) or hydrochloric (HCl) acid, and then rinsed 
with frequent changes of pure water until the rinsings do 
not redden a piece of blue litmus paper. Before taking the 
sample, the bottle and the stopper should be thoroughly 
rinsed with the water to be analyzed, and should then be 
filled to the neck with the water, stoppered, sealed, and 
labelled on the spot, and, if possible, analyzed within 
forty-eight hours. 

In submitting a sample of water for analysis, as much 
information as possible should be given as to the situation 
of the source from which it has been taken, both geologically 
and with regard to any possible causes of pollutions in the 
vicinity. It is only by reading the analysis of a sample of 
water in close conjunction with the most careful observation 
of the surroundings and conditions of the source from which 
it has been taken, that any reliable opinion can be formed 
as to the suitability or otherwise of the supply for domestic 
purposes. 

The Biver Pollution Commissioners, in their sixth report 
classified the various sources with regard to potability as 
follows : 
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II. Spring water. ) Very 

2. Deep well water. / palatable. 

3. Upland surface water. ) Moderately 

4. Stored rainwater. ) palatable. 

Suspicious \ 6. Surface water from culti- 

yated land. 

6. River water to which sewage \ Palatable. 
Dangerous { gains access. 

7. Shallow well water. 
Bainfall is, practically spealsing, the ultimate source of all 

water supply, and the nearer the source the purer, though 
not necessarily the more palatable, the water. Bainfall is 
disposed of in three ways : — 

1. A portion is again evaporated. 

2. Another portion flows over the surface of the ground 
to form streams and rivers. 

3. The remainder sinks into the ground, and forms the 
underground reservoirs in which wells are sunk, issuing 
again at the lowest lip as springs. 

1. Spring water. 

The water from deep-seated springs is usually organically 
pure, though frequently highly charged with mineral 
substances. Where, however, the outcrop of the water- 
bearing stratum, at the point where it yields the spring, is 
of large area, and upon it houses, farmyards, and other 
possible sources of pollution are in existence, great care 
should be taken that the spring is not thereby affected. 

A spring rises on the side of a hill at the junction of the 
upper green sand with the Oxford clay. A farmhouse is 
situated about 150 yards distant from the spring, and 100 feet 
above it, on the outcrop of the upper green sand. A sample 
of water from the spring was submitted to the county analyst 
for examination, and the following is an extract from his 
report thereon : — 

'^ This water is plainly contaminated with the products 
of decomposition of animal matter, and is liable, as has been 
the case in several recorded instances, to carry the infective 
matter of specific disease. A consideration of the facts of 
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the case confirms me in this opinion, and the amount of 
pollution is greater than at first sight appears, because the 
green sand furnishes a water of more than average purity : 
probably about one-half the solid matter of this water is 
directly derived from the farm sewage." 

The intervening land between the farmyard and the spring 
is grass pasture, and there is no other discoverable source 
of pollution. 

2. Deejp well water. 

Deep wells, especially those sunk through an impervious 
bed of considerable area, afford supplies of excellent quality. 
Care must be taken that the portion of the well above the 
impervious bed is so constructed as to prevent percolation 
from the surfeice or from the upper strata. 

3. Upland mrface water. 

Water from this source is usually satisfactory, but is 
frequently discoloured with peat, even to such an extent as 
to render it unfit for domestic purposes. 

4. Stored rain water. 

Where there is no other available source, and there is 
freedom from smoke, etc., rain water may be used for 
domestic purposes, but it is unpalatable on account of the 
absence of aeration. . It should be filtered before storage, and 
the tank should be well ventilated. 

The three remaining sources are not fitted for domestic 
purposes. Eiver water is, however, frequently used, but it 
requires efficient filtration, which renders it too expensive 
for use on a small scale. 

The next points for consideration are the volume and 
permanency of the source. To obtain this information 
frequent gaugings, taken over a considerable period, are 
necessary. The area of the watershed relied upon, the 
greatest and least rainfall, percolation, and evaporation are 
all important factors of the result. These points will be 
considered in a future chapter. Information from the oldest 
inhabitants of the locality must not be allowed too much 
weight, or serious consequences may result. 

In a recent survey for a village water supply, three 
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apparently deep-seated springs of most excellent quality were 
found in close proximity to each other. These springs were 
gauged on the 21st of March, 1893, and yielded a total 
volume of 820 gallons per minute. On April 8th they had 
fallen to 436 gallons per minute, and on May 6th to 207 
gallons per minute. In June they were dry. 

In the course of the same survey a spring was brought 
under notice, as to the permanency of which opinions were 
somewhat conflicting. Eeference was made to the ''oldest 
inhabitants," three nonogenarian labourers, who stated that 
they had known the spring all their lives, and that it had 
never yielded less than a certain flow. This was in 
February, 1893, and shortly after the spring failed. 

The elevation of the source with regard to the district to 
be supplied is of great importance, for upon this will depend 
whether the natural flow of water by gravitation can be 
utilized, or whether pumping must be brought into requi- 
sition. Especially for a rural supply, gravitation should 
be secured if possible; for although the outlay is gene- 
rally much greater, a heavy annual cost is avoided. Occa- 
sionally, where a sufficient quantity and fall of water are 
available, water-wheels, turbines, and hydraulic rams, which 
require no fuel and little attention, may be used ; and in 
exposed situations, windmills are sometimes employed for 
pumping water on a small scale. 

In deciding upon the relative merits of a gravitation and 
a pumping scheme, the distance of the source from the 
district to be supplied forms an important element ; for if 
the distance over which the water has to be carried, in the 
former case, is great and the fall slight, pipes of large 
diameter may be required, entailing considerable expense, 
while in the latter case the length of pipe may be incon- 
siderable. 

Especially in a gravitation scheme, on account of the 
relatively great distance over which the supply has usually 
to be carried, the question of easements is of great impor- 
tance ; whilst the question of water-rights affects both gravi- 
tation and pumping schemes to much the same extent 
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These claims frequently lead to so great an expense as to 
necessitate tbe total abandonment of a water-supply scheme. 

Every detail affecting these points should be carefully 
ascertained before any scheme is folly considered, and agree- 
ments in uoriting should be entered into with all parties in 
any way interested before works are commenced. 

In a recent water-supply scheme, a claim was overlooked 
which might have been easily settled for £5. In conse- 
quence of this omission a trial took place four years later, 
costing the authority who carried out the scheme over £600 



Note. — ^Dr. Bideal, " Water and its Purification " (Crosby 
Lockwood) states that " samples required for bacteriologicflJ. 
examination should be separately taken in sterilized bottles, 
about 2 ounces capacity, and immediately packed in ice." 
Dr. A. B. Grifith's " Manual of Bacteriology " (Heinemann) 
states that, '* To collect samples of water, accurately stop- 
pered bottles (70 cc. capacity) are used. These must be 
perfectly clean, and rinsed out with distilled water. Each 
bottle is put into a small tin canister, and the canisters 
(containing the bottles) are heated in a sterilizer to about 
180° C. for at least three hours. The bottles thus steri- 
lized can be easily transported without suffering contami- 
nation by dust to the place where the sample is to be 
collected. In collecting the sample of water, the outside 
of the bottle should be rinsed in the water before removing 
the stopper ; and when the bottle is opened, the water is at 
once allowed to enter and fill the bottle to the extent of 
four-fifths, the stopper being immediately replaced and 
tightly screwed in so that exposure to the air is reduced to 
a minimum. The bottle is replaced in the tin canister, and 
the lid closed. After collection, the sample of water should 
be examined as early as possible. If the water has to be 
transmitted a considerable distance, occupying several days 
in transit, Dr. P. Miguel recommends the use of a glaci^e, 
or box, in which the bottle is surrounded with ice." 
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CHAPTEE IIL 

LAND VALUATION, RIPARIAN RIGHTS, EASEMENTS, 

AND COMPENSATION. 

The persons carrying oat a water scheme are teclinically 
known as the "undertakers," and may be classified as 
follows : — 

1. Private individuals or companies not possessing 
statutory or parliamentary powers. 

2. Companies who have obtained a Provisional Order 
under the Gras and Water Facilities Acts, or the fuller 
powers of a private Act of Parliament. 

3. Local Authorities, urban or rural, acting under 
(a) The Public Health Acts ; 

(6) A Provisional Order ; 

(c) A Private Act of Parliament. 

Private individuals or companies not possessing statutory 
or parliamentary powers are placed at a great disadvantage. 
They are liable to indictment or injunction for breaking up 
or obstructing the highways ; they cannot acquire water or 
land, except by agreement ; they cannot levy rates or make 
charges, except by agreement ; and the only advantage 
which they can claim is that they " cannot be compelled to 
furnish a supply of water to any one on any terms." 

It is obvious that, except where a landowner carries out 
a system of water supply for the benefit of his property, 
and where no difficulties arise as regards water-rights, ease- 
ments, etc., or obstructive highway authorities, further powers 
are generally necessary. 

The simplest and most economical way in which to obtain 
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such powers is, to obtain a Provisional Order under the Oaa 
and Water Facilities Act, 1870, which must afterwards be 
confirmed by Parliament. A Provisional Order can only be 
obtained with the consent of the Local Sanitary Authority, 
and provided that there is not already in existence any 
legally empowered water company, able and willing to afford 
the necessary supply. 

A Provisional Order (except in the case of a Local Sanitary 
Authority) does not confer compulsory powers as to purchase 
of land or water, or as to entry upon premises. To obtain 
these powers a special Act of Parliament is necessary. 

The powers conferred by a special Act are very compre- 
hensive, and are plainly set forth in the introduction to 
'^ The Law Eelating to Gas and Water," by Messrs. Michael 
and Will, as follows : — 

" Thus authorized by a special Act, a company may take 
compulsorily lands and streams, subject to the provisions 
and restrictions of the Lands Clauses Acts in exercising such 
powers. The undertakers must make to the owners and 
occupiers of, and all other parties interested in, any lands or 
streams taken or used for the purposes of the special Act, 
or injuriously affected by the construction or maintenance 
of the works thereby authorized, or otherwise by the execu- 
tion of the powers thereby conferred, * full compensation for 
the value of the lands and streams so taken or used, and for 
all damage sustained by such owners, occupiers, and other 
persons by reason of the exercise, as to such lands and 
streams, of the powers vested in the undertakers.' For the 
purpose of constructing waterworks, the undertakers may 
enter upon the lands and places described on the plans and 
in the books of reference, and may take the levels and set 
out the parts thereof, and dig and break up the soil, and 
trench and sough the same, and remove and use earth, 
stone, mines, minerals, trees, or other things. They may 
sink wells, make, maintain, alter, or discontinue reservoirs, 
waterworks, cisterns, tanks, aqueducts, drains, cuts, sluices, 
pipes, culverts, engines, and other works, and erect buildings ; 
they may also divert and impound water from the streams 
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mentioned for that purpose in the special Act or the said 
plans or books of reference, and alter the conrse of such 
streams, not being navigable, and take such waters as may 
be found in and under, or on the lands to be taken for con- 
structing the works. In the exercise of these powers, the 
undertakers are to do ^ as little damage as can be.' With 
respect to the breaking up of streets for the purpose of 
laying pipes, the undertakers are empowered to open and 
break up the soil and pavement of the several streets and 
bridges within the limits of the special Act, and to open 
and break up sewers, drains, or tunnels, within or under the 
same, and to lay down pipes, conduits, service-pipes and 
other works and engines, and from time to time to repair, 
alter, or remove the same." 

A Local Sanitary Authority (urban or rural) is placed 
in a somewhat different position to a company. Acting 
under the Public Health Act, 1875, a Local Sanitary Autho- 
rity is invested with all the necessary powers for carrying 
out and afterwards maintaining a water-supply scheme, and 
in a pecuniary sense, is much better situated than a company, 
insomuch as it can compel the whole district to wholly or 
partially contribute the funds to meet the necessary expen- 
diture, and is not restricted to the actual consumers of the 
water. Lands or easements necessary for any scheme of 
water supply must, however, be obtained by agreement; 
compulsory powers in this respect can only be secured by a 
Provisional Order or a special Act. A Local Authority having 
obtained a Provisional Order is, however, powerless, except 
by agreement, to purchase water-rights, %,e, the right to 
abstract water from streams, etc., and this difficulty can 
only be overcome by a special Act of Parliament. 

A further difference existing between the powers of a 
local sanitary authority and those of a company, consists in 
the privilege which the former possesses of purchasing the 
easement only of laying pipes through land, whilst a land- 
owner can compel a company to purchase the freehold of 
the land, except special provision has been made in tlie 
private Act 
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As tbe supply of water to communities is in the majority 
of cases undertaken by the Local Sanitary Authority, the. 
following pages will, unless otherwise stated, be specially 
adapted to assist in the preparation and execution of such 
schemes. 

Sec. 308 of the Public Health Act, 1875, enacts as 
follows: '^ Where any person sustains any damage by 
reason of the exercise of any of the powers of this Act, in 
relation to any matter as to which he is not himself in 
default, full compensation shall be made to such person by 
the Local Authority exercising such powers ; and any dispute 
as to the fact of damage or amount of compensation shall be 
settled by arbitration in manner provided by this Act, or if 
compensation claimed does not exceed the sum of twenty 
pounds, the same may, at the option of either party, be 
ascertained by, and recoyered before, a court of summary 
jurisdiction." 

Sec. 332 of the same Act further provides that : " Nothing 
in this Act shall be construed to authorize any Local Autho- 
rity to injuriously affect any reservoir, canal, river, or stream, 
or the feeders Uiereof, or the supply, quality, or fall of 
water, contained in any reservoir, canal, river, stream, or in 
the feeders thereof, in cases where any body of persons or 
person would, if this Act had not passed, have been entitled 
by law to prevent or be relieved against the injuriously 
affecting such reservoir, canal, river, stream, feeders, or such 
supply, quality, or fall of water, unless the Local Authority 
first obtidns the consent in writing of the body of persons 
or person so entitled as aforesaid." 

These sections, taken together, indicate the importance 
attached to the purchase of and compensation for land and 
water rights, in connection with nearly every water-supply 
scheme. Unfortunately these matters are not regulated by 
recognized principles ; but the following details, taken from 
actual experience, will act as a guide in most cases likely to 
occur in general practice. 

In valuing property required for the construction of 
waterworks, the elements of value and interest to be 
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purchased are nomerons, and vary according to the special 
circnmstances of each case. The main points to be considered 
are: The value of the special adaptability of the site, of 
agricultural land, garden land, woods and plantations, houses 
and outbuildings, minerals, severance and injury, removal, 
trade and other fixtures, loss of trade profits, loss on forced 
sale* 

Special Adaptability op the Site. 

The ^ special adaptability " value has been brought into 
considerable prominence in waterworks cases during the last 
few years. This element of value was first urged in the 
case of Sir Walter Eiddell and the Newcastle and Gateshead 
Water Company, and was afterwards an important feature 
in the case of the Countess Ossalinsky and the Corporation 
of Manchester, in reference to the Thirlmere scheme. These 
cases have been relied on as precedents in all the recent 
arbitrations under the Lands Clauses. Act for waterworks 
purposes. 

The valuation is made on the special adaptability of the 
land for reservoir or other purposes arising from the special 
and physical conditions of the property. Such value must 
not be based upon the value to the purchaser, but upon the 
value to the owner or seller. 

In taking into consideration the special adaptability 
element, it is either taken as the whole value less the 
agricultural value, or in addition to the latter. In most 
cases, however, the agricultural value is excluded, and the 
property solely valued on its adaptability, to which must 
be added severance and other claims, if any. The value in 
such cases varies from £3 to £10 per acre, and at from 
twenty to twenty-eight years' purchase. 

In the case of Eiddell v. Newcastle and Gateshead Water 
Company, which went to the Court of Appeal, Lord Bram- 
well said as follows: "Special value in special circum- 
stances should be adopted if you are dealing with reservoir 
sites, just as though you were dealing with building sites ; 
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if yon are wanting to bnj land which is suitable for building 
purposes, you must pay building price for it.*' 

Again, in the case of Ossalinsky v. Corporation of 
Manchester, the Court held, ^< if apart from the particular 
purchaser and the particular Act, land has enhanced value 
from any special circumstances, the owner is entitled to it." 
This case did not go to the Court of Appeal, the judgment 
being adopted by both parties. 

Agbioultural and Garden Land. 

FreeJwld land is usually estimated on the nett annual 
rental, at from twenty-eight to thirty-five years' purchase. 

Leasehold jproperty is valued for the landlord on the 
rent and reversionary value, the tenants claiming the value 
of the unexpired term, with an allowance for forced sale 
and removal in proportion to the length of term. 

The owner of a reversion is entitled to such a sum as 
would, if accumulated at interest until the date when the 
property will fall in, amount to the fee-simple value. The 
valuation is made on a basis of 3 per cent. 

Woods and Plantations. 

These are accurately measured for the acreage, and then 
arranged under the following heads : — 

Full-grown timber. 

Half-grown timber. 

Young plantations. 

Underwood. 

Full-grown timber is in most cases measured, owing to 
the uncertainty of judging their value by the eye, allowance 
being made for bark and loss in cutting. 

Half-grown timber is valued at an average price per acre, 
based upon the present age of the timber, and the time 
which will elapse before it will arrive at maturity. This 
period varies according to the situation, climate, and the 
nature of the trees. 
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Young plantations are yalned on tlie outlay in producing 
them — viz. the plants, planting, fencing, draining, and 
*other matters ; and the rate of interest depending on the 
appearance and quality of the trees. 

Underwoods are valued in a similar manner to half-grown 
timber. 

The land occupied by the woods and plantations is 
estimated at the fee-simple value. 

Houses and Outbuildings. 

The value of these is estimated on the nett annual 
rental, less repairs, at twenty years' purchase, and an 
additional 10 per cent, for forced sale. Due regard must 
be paid, in making the valuation, to any prospective 
increase in the value of the property. 

MiNEBALS. 

Minerals existing under lands to be valued, can only be 
properly estimated when such have been proved either on 
the land to be valued or on some adjoining property. The 
valuation is based upon the annual rental at from ten to 
sixteen years' purchase. 

Sevebanoe and Injubt. 

When a portion only of a property is required by the 
undertakers, the rlBmaining portion is frequently diminished 
in value, or even rendered practically useless, for sheep or 
stock fjArming or other purposes, owing to the want of 
shelter, water, accessibility, etc. These disadvantages must 
be estimated, and the owner and occupier compensated 
accordingly. 

Eemoval. 

This being in most cases a small matter, only a nominal 
compensation, if any, is allowed. 
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Trade Fixtures. 

These are estimated according to the value of the machinery 
and other works, the horse-power (whether by steam, water, 
or horse-labour), the capability of the works for production 
or the ordinary work of the farm, and the state of repair. 

Loss OF Trade Profits. 

These are estimated according to the extent and nature of 
the business, whether the loss will be partial or entail the 
closing of an established business, and as to whether the 
occupier is owner, lessee, or tenant. 

The value varies from one to six years' purchase of the 
profits, according to the circumstances. 

Loss FROM Forced Sale. 

This is, in some cases, considerable, but 10 per cent, is 
generally added as compensation for this loss. 
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CHAPTER IV. 

LAND VALUATION. RIPARIAN RIGHTS, EASEMENTS, 
AND COMPENSATION— confowued 

Riparian Rights and Compensation. 

The proprietor of any land adjoining or abutting on a 
stream has certain privileges or rights known as " riparian " 
(Lat. " ripa, " a " river bank **). 

The law relating to these rights has been, from time to 
time, set forth in many well-known cases, to some of which 
farther reference will be made. 

In accordance with English law, the property in water 
flowing in a river or stream in its natural course belongs to 
no one, but the use of it to every one having a right of access 
to it. 

In Miner v. Gilmour, Lord Kingsdown observed as 
follows : " By the general law applicable to running 
streams, every riparian proprietor has a right to what may 
be called the ordinary use of the water flowing past his land 
— for instance, the reasonable use of the water for his 
domestic purposes, and for his cattle, and this without 
regard to the effect which such use may have in case of 
deficiency upon proprietors lower down the stream. But, 
further, he has a right to the use of it for any purpose, or 
what may be termed the extraordinary use of it, provided 
that he does not thereby interfere with the rights of other 
proprietors, either above or below him. Subject to this con- 
dition, he may dam up for the purpose of a mill, or divert 
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the water for the purpose of irrigation ; hnt he has no right 
to interrupt the regular flow of the stream, if he thereby in- 
terferes with the lawful use of the water by other proprietors, 
unci inflicts upon them a sensible injury." 

In the case of Chasemore v. Eichards, it was held that 
" The right to the enjoyment of a natural stream of water 
on tho surface belongs naturalijure to the proprietor of the 
adjoining land as a natural incidence to the right to the 
soil itself. He has the right to have it come to him in its 
natural state, in flow, quantity, and quality, and to go from 
him without obstniction, upon the same principle that he is 
entitled to the support of his neighbour's soil for his own in 
its natural state. And such a right depends in no way upon 
prescription, or the presumed grant of his neighbour, nor 
from the presumed acquiescence of the proprietors above 
and below." 

Again, in Mason v. Hill, " A riparian proprietor can have 
no larger right than he has by nature against those above 
and below him. Hence the right to have a stream to flow 
in its natural state without diminution or alteration is an 
incident to the property in the land through which it passes ; 
but flowing water ib puhlici juris, not in the sense that it is a 
honum vacans, to which the first occupant may acquire an 
exclusive right, but that it is public and common in this 
sense only, that all may reasonably use it who have a right 
of access to it; that none can have any property in the 
water itself, exQept in the particular portion which he may 
choose to abstract from the stream and take into his pos- 
session, and that during the time of his possession only." 

If, then, a Local Sanitary Authority, or generally the 
promoters of a water-supply scheme, desire to utilize any 
spring or stream of water for that purpose, they must first 
come to terms with the owner of the land whereon the 
spring rises, or the riparian owner of that part of the 
stream from which they wish to take their supply. As 
such owner can only grant the limited powers which he 
himself possesses, terms must then be arranged with all 
the riparian owners lower down the stream who have 
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appropriated, or maj appropriate, tlie water to a beneficial 
use. Such arrangements must be made in writing. 

'^If any works are proposed to be done affecting any 
water or water rights, the proper course to be observed by 
a Local Authority is to serve a notice under the 328th 
section of the Public Health Act, 1875, on all persons 
interested, specifying the particulars of the matters and 
things intended to be done. Then will follow, either the 
consent of the parties interested, or there will be a reference 
to arbitration, and then will follow, either compensation for 
injury, if the injury can be compensated in money, or an 
abandonment of the proposed works." There is recourse to 
^he promotion of a private Bill in Parliament, but this is 
too expensive, except in the case of very large schemes. 

Water rights require to be very carefully dealt with, 
and every detail should be settled before the works are 
commenced. 

In the first instance, the quantity of water should be 
gauged, by methods to be described later, the fall of the 
stream ascertained, and a careful investigation made of the 
use to which the water is put below the point of the pro- 
posed intake. The quantity of water required by any mills 
or other machinery worked by the stream should be 
obtained, as well as the quantity used for domestic, dairy, 
and other purposes. 

The head waters of a stream are usually required for the 
purposes of waterworks when storage is necessary. It 
therefore becomes a matter for serious consideration whether 
such abstraction, either wholly or partially, will deprive 
the riparian owners below the site of the proposed works 
of sufficient water for the purposes of fishing, irrigation, 
mills, factories, boundary fences, and other matters. The 
compensation in such cases is either given in kind or in 
money. The quantity in the former case varies from 
one-third to one-tenth of the available annual yield of the 
gathering ground, necessitating in numerous cases the con- 
struction of " compensation reservoirs." The object of these 
reservoirs is to store the flood water, so as to maintain a 
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continnons or intermittent flow, as may be arranged or 
settled by Provisional Order or Act of Parliament. When 
the proprietors are disposed to treat, and are not numerous, 
it is better in most cases to purchase their rights and be 
relieved of a large proportion of the compensation water.. 

There is no property in underground water, and any 
proprietor may sink or dig wells and obtain water, even 
if by doing so the water in a neighbouring proprietor's well 
is abstracted or diverted into another channel. In some 
cases wells are sunk to the spring supplying a stream, 
which by intercepting the spring at a higher point may 
considerably reduce the flow of water in the stream. 

"But -although a landowner will not in general be 
restrained from drawing off the subterranean waters in the 
adjoining land, yet he will be restrained, if, in so doing, 
he drains. off the water flowing in a defined surface channel 
through the adjoining land." 

As an instance of the application of this principle, the 
following case is given. A large provincial water company 
recently promoted a Bill to enable them to sink wells at 
various points along a stream, and pump the water which 
percolated into them to a storage reservoir. The riparian 
owners and residents in the valley opposed the Bill with 
such success that the quantity of water to be allowed to 
flow in the stream before pumping could proceed was so 
great as to render the Act when passed useless to the water 
company. 

Much of the above information has been extracted from 
the valuable legal works of Messrs. Michael and Will, and 
Messrs. W. C. & A. Glen, to whom thanks are due. 



Easements and Compensation. 

In laying the various mains and branches in connection 
with a system of water supply, it frequently becomes 
necessary to lay pipes or tunnel through private property. 
In cases where the purchase of the freehold of the land is 
not made obligatory or desirable, an easement is obtained. 
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The term "easement" is defined in an ancient work 
called the *' Terms de la Ley " as follows : " An easement 
is a privilege that one neighbour hath of another by writing 
or prescription, without profit, as a way or sink through his 
land or such like." 

An easement giving the right to lay pipes, build culverts, 
drive tunnels, etc., for the purpose of conveying water, 
implies a right of entry at all times for repairs or other 
purposes rendered necessary for its proper enjoyment. And, 
further, the person to whom the easement is granted may 
prevent the owner of the land from doing anything to 
interfere with such a right — as, for instance, building houses 
or planting trees over the line of easement, or otherwise 
placing any obstruction to the full and proper enjoyment 
by the purchaser thereof. 

In the case of Pomfret v. Ricroft, Twysden, J., observed 
as follows : " If a man gives me a licence to lay pipes of 
lead in his land to convey water to my cistern, I may 
afterwards enter and dig the land to mend the pipes, though 
the soil belongs to another and not to me. Whoever grants 
a thing is supposed also tacitly to grant that without which 
the grant itself would be of no effect" 

In the case of Goodheart v. Hyett, the owner of the 
land commenced building over the line of easement, and the 
owner of the easement sought to restrain him from doing 
so, on the ground that if the house was built it would be 
impossible, or not reasonably practicable, for the owner 
of the easement to have access to the pipe for repairs. The 
Court restrained the owner of the land from building over 
the line of easement. 

In taking into consideration the compensation due to the 
owner of the land, the elements of claim for damage may be 
classified as follows : — 

1. The privilege of carrying a certain thing, either con-* 
tinuously or intermittently, over or under the land to the 
profit of the purchaser. 

2. The right of entry to pipe or culvert at any time. 

8. The right of preventing any buildings or other 
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obstructions from being erected or bnilt on the line of 
easement. 

4. The interference with the profitable laying out of the 
land for building sites or otherwise. 

5. The driving of the tunnel or excavation of the trench 
may have the effect of withdrawing the moisture from the 
crops, and thus depreciate the value of the land for agricul- 
tural purposes. On the other hand, it may bo of great 
benefit where the land is marshy or waterlogged. 

6. The driving of the tunnel or excavation of the trench 
may intercept or divert underground water which previously 
had risen on other portions of the land. 

The methods adopted by experts, and the results arrived 
at, differ so materially as to render it impossible to give any 
common data upon which the valuation is based. This 
is chiefly due to the variety of opinions held as to what 
constitute the elements of damage, even on adjoining land 
when precisely the same conditions prevail. 

The following are, however, a few of the methods adopted 
by experienced valuers : — 

1. The length of the easement in yards is multiplied 
successively by 33 feet, the value per acre, and thirty years' 
purchase. 

2. The length of the easement in yards is multiplied 
successively by 4 yards, the value per acre, and from forty 
to fifty years' purchase, and the result divided equally 
between the two parties to the easement. 

3. The length of the easement in yards is multiplied by 
8 yards, and then by half the value of the fee simple. 

To the results arrived at by any of the above methods 
a fixed price must be added for ventilating shafts, air-valve 
standards, or other surface arrangements, varying from bs. 
to £6 each. 

The widths taken for easement for the purposes of valu- 
ation are somewhat elastic, varying from 6 feet to 66 feet. For 
pipes or culverts up to 2 feet diameter, the width is fre- 
quently taken as 12 feet ; for larger culverts the width taken 
generally varies from 12 feet to 33 feet. 
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The average price is taken by some valuers at £3 per 
chain lineal, irrespective of width. Other valuers take 
from ^d. to 28. per lineal yard for agricultural land, and 
from hs, to £6 per lineal yard for building land, as the 
average price throughout the length of the easement. 

A Local Authority has full powers as to laying pipes, 
etc., along the highways under its control within its own 
district. With regard to highways outside its district, 
should any persons having the care of such highways object 
in writing, pipes must not be laid without the consent of 
the Local Government Board. The easement is usually 
granted conditionally upon the undertakers reinstating the 
road and keeping it in repair for one year after the com- 
pletion of the work, to the satisfaction of the authority 
granting the easement. In some cases the authority agree 
to accept a fixed sum per mile, relieving the undertakers 
from any further liability. 
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CHAPTEK "V. 

GEA.VITATION. 

It has already been stated that a gravitation supply should 
always be adopted where possible, especially for rural 
districts. 

The principal requirements of a gravitation scheme are as 
follows : — 

1. That the spring or source of supply is situated at a 
sufficient elevation with regard to the place to be supplied, 
so as to produce a velocity in the pipes sufficient to deliver 
the quantity of water required. 

2. That the intervening ground along the proposed line 
of pipes, between the source of supply and the district to 
be supplied, does not rise appreciably above the hydraulic 
mean gradient of the system. 

3. That the pipes are selected of such dimensions as will 
discharge the requisite quantity without necessitating a 
greater velocity than 3 feet per second. 

4. That sufficient storage-room is afforded, so as to allow 
for exceptional demands upon the supply, as well as for 
diminution in the latter in very dry seasons. 

The subject of the flow of water in pipes has been so 
elaborately dealt with in the various text-books, that only 
the leading principles affecting actual practice will be dealt 
with here. 

In the annexed figure (Fig. 1) a pipe is shown connecting 
two reservoirs A and B, in each of which the water is always 
kept at the same level. Vertical pipes, Ci, Cj, Cg, C4, open at 
the upper end, are attached at intervals to the pipe AB. If 
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the extreme end B of the pipe AB be closed, the water will 
stand in the pipes Ci, C2) O3, C4, at the level of the horizontal 
line AD, through the surface of the water in the reservoir A. 

As soon, however, as the end of the pipe at B is opened, 
and the water is allowed to flow uninterraptedly from the 
resorvoir A to the reservoir B, the level of the water in 
the pipes Ci, Cj, Cs, C4, will sink to E^, E^, E3 E4, respectively. 
The line connecting the points E^, Eg, E3, E4 is called the 
hydraulic mean gradient, or virtual slope of the system, 
and if the pipe AB be of uniform section throughout its 
length, the hydraulic mean gradient will be a straight line 
joining the surface of the water in A and B. 

This gradient is represented by the height of the reser- 
voir A above the reservoir B, divided by the length of the 
pipe, which is the sine of the angle made by the line of the 
gradient with the horizontal. It has been found that the 
velocity acquired by water flowing through a pipe varies 
directly as the square root of the quantity representing tho 
hydraulic mean gradient, and directly as the square root of 
the diameter of the pipe. 

The section of the lines Ci, C2, C3, C4, situated between the 
line of pipe AB, and the hydraulic mean gradient denotes 
the pressure (in addition to the atmospheric pressure) in the 
pipe at those points, and it is evident that when the line of 
pipe and the hydraulic mean gradient coincide, the pipe 
may be replaced by an open channel. 

Suppose, however, that the line of pipe rises above the 
hydraulic mean gradient, it is clear that the pressure at that 
point is less than the atmospheric pressure by an amount 
indicated by the distance of the pipe above the hydraulic 
mean gradient. When this distance exceeds the height of 
a column of water which can be supported by the atmo- 
spheric pressure (34 feet), the pressure becomes nil, and flow 
ceases. Practically, the distance should never exceed 25 feet. 
When the pressure at any point F (Fig. 2) is less than the 
atmospheric pressure, the flow continues by syphonage until 
sufi&cient air is extracted from the water, which fills the 
summit of the pipe, and syphonage ceases. The pipe at 
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this point may then be replaced by an open channel. The 
pipe is practically divided into two sections, AF, FB. and 





the discharge at 6 must depend npon the qnantlty which the 
first section AF is capable of delivering at the point F. 

As the velocity, and, therefore, the discharge, depend 
upon the diameter of the pipe and upon the hydraulic mean 
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gradient, a deficiency in the latter may be made up by an 
increase in the former. In the case jnst cited, the diameter 
of the pipe between A and F should be increased, so that, 
with the gradient AF, the same volume of water may be 
delivered at the point F as the portion of the pipe between 
F and B is capable of discharging with the gradient FB. 

When the end of the pipe B (Fig. 1) was closed, the 
level of the water in the pipes Ci, C29 O3, C4 rose to the same 
horizontal level as the water in the reservoir A. The 
hydraulic mean gradient will, therefore, rise or fall between 
the lines AD, AB, according as the orifice at B is closed 
or open. 

In practice the orifice at B is never constantly open to its 
full extent, or, in other words, the maximum quantity that 
the main is capable of discharging is not constantly being 
discharged. Advantage is taken of this fact in the use of 
air-valves, which are fixed at the summit of all sections of 
the main which rise above the hydraulic mean gradient 
(calculated upon a maximum discharge). Whenever the 
consumption is less than the maximum, the hydraulic mean 
gradient rises, forcing the air out of the summits of the 
system and allowing syphonage to recommence, when the 
hydraulic mean gradient falls back to its lower position. 

The formulsB generally used for calculation of velocity and 
discharge of water in pipes are : — 

1. t; = 39 V3t 
Where v = velocity in feet per second. 

„ d = diameter of pipe in feet. 
„ i = height of point of supply above point of dis- 
charge (A) divided by the length of the 

pipe (Z) ( = j), each of which must be 

referred to the same unit — say feet. 

2. 9 = ^/^^^ 

Where g = discharge in gallons per minute. 
„ d = diameter of pipe in inches. 
„ h = head in feet. 
„ / = length of pipe in yards. 
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These formnlsB allow a sufficient margin for subsequent 
rusting in the pipes. 

£7 substituting the value 3 for v in the first equation, 
the following result is obtained — 

d = -006 X \ 

which enables the diameter of a pipe to be calculated where 
the head and length are known, so that the Telocity may be 
three feet per second. 

A gravitation supply usually requires a larger storage 
capacity than a pumping supply, as the sources are gene- 
rally small at such elevations as will allow of gravitation. 
The amount of storage is regulated by the volume and per- 
manency of the source. This matter, together with the 
subject of collection, will be dealt with subsequently. 

When the source of supply is situated below the level 
of the immediately surrounding ground, and considerable 
expense would be entailed by excavation to a sufficient depth 
to allow a fall in the direction of supply, recourse may be 
had to a syphon. The summit of the. syphon must theoreti- 
cally not exceed 34 feet above the level of the surface of 
the water from which the supply is to be drawn ; practically 
about 25 feet is the limit. Such systems of supply have 
been adopted at Abingdon and Warwick. 

The syphon may be charged by an air-pump attached to 
the longer leg, the communication with the main being cut 
off by means of a sluice-valve ; or the extremities of both 
legs may be closed by means of sluice-valves and the 
apparatus filled with water through a cock at its summit ; 
the cock is then closed and the sluice-valves opened, when 
flow inmiediately commences. 

When the water is highly aerated the syphon has to be 
frequently recharged. In calculating discharge, the head 
must be measured to the surface of the water in the reservoir, 
and not to the summit of the syphon. 
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CHAPTER VI. 

PUMPING BY STEAM, GAS, PETROLEUM, WATER, 

AND WIND POWER. 

The various systems of motive power for pumping are 
determined by the work to be performed, the accessibility 
of the pumping station, and by local and other conditions 
depending upon the particular circumstances of each case. 

The unit of power in common use is the mechanical force 
necessary to perform a certain amount of work known as a 
horse power, and is equal to 33,000 lbs. raised one foot 
high per minute. The terms used to express horse-power 
being somewhat indefinite, a brief reference may not be out 
of place. 

Nominal Twrse-power is a commercial term for stating the 
size of an engine without regard to the actual power it will 
develop. 

Actual or indicated horse-power is the power calculated 
from a diagram of the work performed by the steam in the 
cylinder, one horse-power being equal to 33,000 lbs. lifted 
one foot high in one minute, or — 

J , _ Units of work done per minute 
-P- 3poo 

Effective or hraJce horse-power is measured by a friction 
brake or dynamometer, and represents the actual horse- 
power less the power absorbed by the working parts of 
the engine or motor. 

It is only proposed to refer to the indicated horse-power 
except where otherwise stated. 
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Steam power as applied to pomping for waterworks, is of 
general application, and the results are more economical 
for heavy pumping than any other system* The engine for 
applying the power takes seyeral well-known forms, among 
which may be mentioned the vertical, horizontal, beam, and 
Cornish engines, each of which has several types. Steam- 
engines are divided into two main systems — non-condensing 
and condensing. The former exhaust their steam direct into 
the atmosphere, and the steam is used at full pressure, either 
partially or throughout the stroke, sufficient allowance being 
made to cut off and avoid back pressure. Condensing engines 
exhaust their steam into a chamber termed a condenser, which 
is in a state of partial vacuum owing to the steam coming in 
contact with a number of tubes through or around which 
cold water is circulating, or, in some cases, a jet of cold 
water. The air and condensed water are removed by an 
air-pump, which is worked from the engine. The water 
from the condensers having an average temperature of 
100 degrees Fahrenheit, is frequently used for feeding the 
boilers, but care must be taken to prevent grease getting into 
it and injuring the boilers. Condensing engines are divided 
into systems according to the number of expansions employed 
— -viz. simple or single cylinder, compound or two cylinders, 
triple or three cylinders, and so on as the range of expansion 
increases. The simple engine consists of a single cylinder 
in which the steam is exhausted by the condenser after 
having done its work. The compound engine consists of 
two cylinders ; the steam after being partially expanded in 
the small or high pressure cylinder is exhausted into the 
large, or low pressure cylinder, and there undergoes further 
expansion before being exhausted by the condenser. The 
chief difference between the simple and compound systems 
is that in the former case the whole range of the tempera- 
ture occurs in one cylinder, whereas in the latter it is 
divided between the two cylinders, and the loss due to 
the extreme variation of temperature in one cylinder is 
thereby prevented. Theoretically the low-pressure cylinder 
with steam pressure and expansion the same as the high- 

J> 
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pressure cylinder worked on the simple or single system 
woiQd develop more power than the two combined; but 
practically, owing to the yarions losses that occur, the 
theoretidd results cannot be attained. 
The advantages of the non-condensing engine are — 

1. The simplicity of the mechanism and constmction. 

2. The easy accessibility to its working parts, and 

3. Inexpensive foundations. 

In fuel economy, however, it does not compare favourably 
with the condensing engine for permanent work. It is 
chiefly used in waterworks for temporary purposes, or where 
only a small engine is required. 

The advantage of the condensing engine is its economy 
of fuel. The first cost is high, and the foundations are 
expensive, but for heavy pumping the satisfactory working 
of these engines, together with a fuel economy of about 25 
per cent, over the non-condensing engines, outweigh any 
other considerations. 

The Consumption of Coal peb I.H.P. pkb Houb* 

Non-condensing engines from 4 to 7 lbs. 

Condensing engines (simple) from 3 to 6 lbs. 

Condensing engines (compound) from 1^ to 3 lbs. 

OcLS power is utilized by the explosion of a mixture of 
coal gas and air in the cylinder, which, acting on the piston, 
gives the requisite motion. The charge consists of air next 
the piston combining gradually with a mixture of gas and 
air, w^ich becomes stronger until the firing point is reached. 

This gradual increase of explosive strength has the effect 
of doing the work gradually and preventing shocks, as well 
as sustaining the pressure at the end of the stroke. 

Pumping by gas has many advantages over the use of 
small steam engines — 

1. There is no loss when the engine is not working. 

2. It can be started by merely turning the gas on and 
lighting the jet, at the same time giving the fly-wheel a start. 

3. It can be fixed in almost any position, and requires no 
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attention, as mnst be the case when a boiler and steam 
engine are used. 

There are many forms of these engines, each claiming 
special advantages, and all giving satisfactory results. 

The consumption of gas per indicated horse-power varies 
from 17^ cubic feet per hour in the larger engines to 25 
cubic feet per hour in the smaller sizes. 

Where the ordinary illuminating gas is either too costly 
or not available, the Dowson Gas Producers are frequently 
adopted, giving a non-illuminating gas which costs from 
2\d, to Ad, per 1,000 cubic feet. 

Petroleum-power engines differ from the gas engines 
chiefly in the method of delivering the oil in measured 
quantities with the requisite quantity of air. The oil is 
stored in a tank of suf&cient capacity to serve for 12 or 24 
hours as required. The firing light is obtained from the 
flame of a lamp kept continually burning. The advantages 
of this engine for pumping are — 

1. The cheapness of the oil. 

2. The slight amount of attention required. 

3. The small capital cost. 

4. The facility of fixing in any position. 

The cost for oil varies from id. to lid. per indicated 
horse-power per hour. 

Water-power may be utilized for pumping in several 
different ways, among whic)i are hydraulic rams, water- 
wheels, and turbines. 

The hydraulic ram is frequently applied when the water 
is abundant and the fall moderate. The action is as 
follows: The momentum of the inflowing water when 
arrested is expended in forcing a portion of itself through 
the delivering-pipe into a tank or reservoir. 

If H = Height of source of supply above the ram. 

„ h = Height to which the water is to be forced. 

„ Q = Volume of supply. 

„ D = Volume delivered. 
4Q H 



36 RURAL WATER SUPPLY. 

The advantages of the ram are — 

1. The simplicity of its parts. 

2. The facility with which it can he fixed. 

3. The little or no attention required. 

4. Its moderate cost. 

Water-wheeh for driving pumps and other purposes are 
named according to the way in which they are acted on by 
the water. 

1. Overshot when the water is delivered on the top of the 
wheel. 

2. Breast when delivered about the centre, and — 

3. Undershot when driven from the bottom, where there 
is a considerable velocity in the water. 

The overshot wheel gives the greatest power, with the 
least expenditure of water, and is therefore applicable where 
the supply of water is scanty. 

The horse-power (effective) is calculated as follows : — 

PTTP Q X H in feet 

Q = Quantity of water in cubic feet per second, 
n = Effective height of the fall in feet. 
= 13 for overshot wheels; 

15 for breast wheels ; 

11*7 for high-breast wheels ; 

22 for undershot wheels. 

Turbines, when carefully designed with regard to the 
conditions of working, are the best and most efficient motors. 
They are divided into two classes, pressure and impulse 
turbines, the former acting partly by impulse and partly by 
pressure, and the latter entirely by impulse. The turbine 
consist of a cylinder revolving horizontally, to which are 
attached spiral discs. The water is introduced at the top, 
and by its pressure on the sides and bottoms of the spiral 
chambers, causes the cylinder to rotate. The power is 
applied to the pumps by means of suitable gearing. In 
some cases an efficiency of 78 per cent, of the total power 
expended has been attained. 
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Actaal horse-power = '079 Q^ 
Q = qnantity of water passing through in cubio feet per 

second. 
h = height of the fall in feet. 

The theoretical horse-power contained in the water is 
calculated as follows : — 

T.H.P. = -001892 Qh 

^ _ 528-5 T.H.P. 

^ h 

Q = qnantity of water in cubio feet per minute. 
h = head of water in feet. 



Effectivid Hobse-poweb fob Diffebent Motobs. 



Theoretical power being ►. 
Turbine 


. = 1-00 
. = -70 


Overshot wheel 


. = -68 


High breast wheel 

Hydraulic ram 

Breast wheel 


. = -60 
. = -60 
. = -55 


Undershot wheel 


. = -35 



Wind-power is only economical for intermittent work, or 
where sufficient storage is provided for two or three days' 
supply. The wind pressure may generally be depended 
upon for seven or eight hours per day. The modem wind- 
mills for pumping are self-adjusting, and give exceedingly 
good results. They are being largely adopted for private 
supplies, or where their economical use permits. 

HP ^ 

' ' 1,100,000 

A = Total area of sails in square feet. 

V = Velocity of the wind in feet per second. 

Table of the efficiency of windmills working eight hours 
per day, with a wind velocity of fifteen miles per hour 
daring pumping. 
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Dlam. of 


Bevolntlons 


A.H.P. 


Quantity raised 

to a height of 

100 feet 


mill. 


per minute. 


developed. 


Feet. 






Galls. 


12 


55 


\ 


8,375 


15 


60 


* 


6,0U0 


18 


45 


} 


10,000 


20 


40 


i 


12,500 



Table of Wind Velocity. 



Velocity in feet per second 
Velocity in miles per hour 
Description of Wind 




1715 
11-69 
Slight 
breeze 



21- 


24-25 


14-31 


16-53 


Fresh 


Strong 


breeze 


breeze 
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CHAPTER VII. 

VARIOUS FORMS OF PUMPS. 

Thb force acquired by steam or other motive power may be 
applied through the medium of a pump, in three ways: 
firstly, by suction or lifting ; secondly, by forcing ; thirdly, 
by a combination of the two systems, lifting and forcing. 

The suction or lift pump (Fig. 3) is of common application 
for domestic supplies from wells or boreholes. It consists 
essentially of a cylinder or working barrel, with a suction 
pipe at the lower end, at the top of which is a yalve, techni- 
cally called a " clack." The delivery-pipe, or rising main, 
is attached to the upper end of the barrel, and through it 
a pump-rod, with a valve or bucket attached to its lower 
end, is worked up and down in the working-barrel. The 
upward movement of the bucket withdraws the pressure of 
the atmosphere from the surface of the water inside the 
suction pipe, and the pressure of the atmosphere on the 
surface of the water in the well forces the water up above 
the clack, or to such a height that the pressures on either 
side of the pipe are in equilibrium. 

The water retained by the clack passed through the valve 
at the lower end of the pump-rod as the latter moves down- 
wards, and is raised at each successive stroke until it reaches 
the top of the rising main or delivery- pipe, which in open- 
topped pumps is the top pump-tree or pipe. In small 
pumps, where the pump-rod works through a stuf&ng-box 
or gland (Fig. 4), the water can be raised to any re- 
quired height, but for economical purposes it is not ad- 
vantageous to lift it higher than 30 feet above the top 
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of the pnmp. Tho height of the clack in the upper end 
of the Buction-pipe should not 
exceed 25 feet above the lowest 
level of the crater in the well, 
the best resnlts being obtained 
&om 10 feet to 16 feet, and in 
high speeds the shorter the suc- 
tion ttie greater the effioieno;. 
Althongb theoretically, when the 
barometer is standing at 30 
inches, the water shonld rise in 
the snction-pipe to a height of 
33-99 feet from the surface of 
the water (the specific gravity of 
mercurybeinglS-SGe X 3 
= 33-99), it 
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practice to obtain so perfect a vacunm as to allow the water 
to rise this height, owing to the yariations of atmospheric 
pressure, imperfect joints, and the friction of the pnmp. 
The power to work the lift-pump is transmitted by rods 
working from a beam, or by bell-cranks, or, in a few cases, 
by direct action, as in the Bull engine. When worked by 
manual labour, either a leyer or wheel and handle are used. 
In deep wells the lift-pump is generally used to lift the 
water to a tank at the surface, from which it is taken by 
force, or bucket and plunger pumps, and delivered at the 
height required. The price of the ordinary lift-pump, with 
a working barrel, 3 inches in diameter, complete, for a depth 
of 30 feet, is £5, and from 28. Qd. to 2«. 9(2. per foot beyond 
that depth. The capacity of this pump when worked by 
hand is equal to 400 gallons per hour, lifted from a depth 
of 30 feet. A double or ** two-throw " pump (Fig. 5), the 
diameter of the barrels being 3 inches and the stroke 10 
inches, worked from the surface by rods, and driven by a 
horse and gearing, will cost about £35, including 20 feet of 
suction pipe and 50 feet of rising main (or delivery-pipe), 
and air-vessel complete. 

Approximate quantities in gallons raised per hour by 
single, double, and treble-barrel pumps working at a 
uniform speed of 20 strokes per minute — 



Dim. of 


Length of 


Single 


Double 


Treble 


pumps. 


stroke. 


barreL 


barrel. 


barrel. 


Inches. 


Inches. 








2} 


9 


165 


830 


495 


3 


9 


240 


480 


720 


3J 


9 


3J0 


620 


930 


4 


10 


480 


960 


1440 


4 


12 


675 


1150 


1725 


5 


12 


900 


1800 


2700 


5 


15 


1125 


2250 


3375 


6 


12 


1280 


2560 


3840 


6 


15 


1600 


3200 


4800 


6 


18 


1920 


3840 


5760 



These quantities raised assume the horse to travel at 
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an average rate of three miles per hour, the pumps thus 
making tv^enty strokes per minute with the single speed 
gear. Pumps up to 4 inch barrel may be worked at 30 
strokes per minute ; unless the height the water has to be 




Fig. 5. 



raised is great, the speed of the larger sizes should vary 
from 20 to 25 strokes per minute accordiog to the lift. 

The plunger or force-pump (Fig. 6) consists of a cylinder 
or working barrel, in which the piston or plunger works up 
and down through a stuffing-box or gland. The plunger is 



VARIOUS FORMS OF PUMPS. 



43 



either hollow or of solid metal, according to the conditions 
required, and may consist of one or more plungers, each 
working in its own barrel. The working barrel is of cast 
iron (or preferably of 
brass or bronze), and ^Vv>vM 

connected at one end 
with the delivery pipe, 
with valve-box and air- 
vessel beyond. The suc- 
tion-pipe and valve-box 
are at the other end. 
This pump works either 
horizontally or verti- 
cally, and its action is 
as follows: in the up- 
stroke of the plunger a 
vacuum is created which 
allows the water to enter 
through the suction-pipe 
into the working barrel 
and body of the pump, 
filling the space left by 
the plunger. The water 
is retained by a clack or 
valve at the top of the 
suction-pipe, and is again 
forced by the downstroke 
of the plunger through 
the delivery-pipe, being 
retained by the delivery- 
valve, and rises at each 

successive stroke until ,^, , ^^ . -xi. ^ 

., , ., • X j» «» Plunger; 6, H-piece with doors; 

It readies the pomt of c, suction ; d, rising main ; e, valves; 

discharge. During the /, stuflSng-box. 

up-stroke of the plunger 

the forward motion of the water through the delivery-pipe 

would cease, and the discharge would therefore become 

intermittent instead of continuous. This is avoided by the 




Fig. 6. 
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use of an air-yessel, the air of which being compressed 
during the descent of the piston or plunger re-acts and 
forces the water through the delivery main during the up- 
stroke. This prevents the shock to the working parts 
caused by the force which would be required to overcome 
the inertia of the water, and at the same time economizes 
the power of the engine by keeping the water in constant 
motion. 

The plunger or force-pump possesses great advantages 
over the lift-pump in most cases where it can be employed, 
and is especially suitable where considerable height has to 
be overcome, or where continuous working is required. It 
is not suitable in positions where the water is likely to rise 
above the pump, owing to the difficulty of access to the 
working parts in case of accident. In deep wells, therefore, 
the lift-pump with open top is to be recommended for the 
deep-pumping, and the plunger for subsequently raising the 
water to the required elevation. 

The lifting and forcing pump, or bucket and plunger com- 
bined (Fig. 7), was invented by Perkins, and introduced at 
the Lambeth Waterworks in 1848. 

The construction is similar to that of the forcing-pump 
described above, except that the ram or piston has a bucket 
attached by a rod to its lower end. The upper portion is 
enlarged to form the ram, having a sectional area equal to 
one-half that of the working barrel. The theoretical quan- 
tity of water which rises into the working barrel at each 
np-stroke of the bucket is equal to the capacity of the barrel 
through which it ascends, one-half of which quantity rises in 
the delivery or rising main on the descent of the bucket, and 
the remaining portion is discharged during the following 
np-stroke. The delivery i^om the pump is therefore con- 
tinuous. This is one of the best forms of double-acting 
pump, as it possesses nearly all the simplicity of the single- 
acting pump, and is free from the defects of the four-valve 
pumps. The quantity of water delivered at the up and 
down stroke is no more than with a pump with single 
action, the difference being that the double-action gives a 
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continnoTis, and the single-action an intermittent delivery. 
This form of pnmp is used 
in nearly all the large 
waterworks. 

Horizontal engines and 
pnmps, mainly direct act- 
ing, are frequently used for 
small supplies, and im- 
provements during the last 
few years have justified 
their use in many of the 
largest waterworks. The 
Worthington, Deane, David- 
son, and other well-known 
types give good results; 
they are principally used 
for forcing to service re- 
servoirs. 

The pump-trees or pipes 
which constitute the suc- 
tion-pipe and rising main, 
form so important and 
costly a portion of the 
pumping apparatus as to re- 
quire careful design. They 
are usually 9 feet long, and 
consist of cast-iron pipes 
with flanges, or of wrought- 
iron or steel tubes, riveted 
or welded with flange-joints. 
The cast-iron pipes should 
be made of hard mottled- 
grey iron, re-melted in the 
-cupola, and cast vertically 
in loam, care being taken to Fig. 7. 

keep the metal of uniform a, Pinnorer ; 6, bncket ; c, stnflang- 
thickness and truly cylin- box; d, connection to valve cham- 
,• . , T A a ^^ J «f "Sing mam with stop back 

dncaL In open-topped valve and air vessel. 
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pumps the diameter is made from \ inch to 1^ inch greater 
than the working barrel, so as to enable the Talves to be 
withdrawn when repairs are necessary. In close-topped 
pumps working throngh a stuffing-box or gland the rising 
main is usnally two-thirds the area of the working barreL 
The pipes, whether constructed of cast or wrought iron, 
or of steel, have the flanges machine-faced so as to be 
perfectly plumb when bolted together. The joints are 
either made with red lead or flannel steeped in tallow, and 
bolted tightly together. In considerable heights of rising 
main, it is the usual practice to reduce the thickness of 
metal every 54 feet. The wrought-iron or steel tubes for 
large diameters should be riveted together with a butt- 
strap joint, and the flange formed with an angle-iron shrunk 
on the body of the pipe and riveted. The smaller sizes 
are usually welded or solid-drawn. The pipes should all 
be painted, or, in the case of small tubes, galvanized. 

The following table gives the weight and thickness of 
cast and wrought-iron pipes : — 



Cast-iron flanged Pipes. 


Wronght-iron Tabes. 


Diameter. 


Thickness. 


Weight of 
9 feet lengths. 


ThlclcneBs. 


Weight 
per foot. 


Inches. 

2 

2i 
3 

4 

^\ 
5 

5.} 

6 

7 

8 

9 
10 
11 
12 


Inches. 

T 

i 

M 

ft 

ft 

ft 

t 


cwts. lbs. 

1 12 

1 49 

2 10 

2 65 

3 32 

3 81 

4 80 

5 23 

5 79 

6 103 


B. W. G. 
14 
14 
12 
11 
10 
10 
10 

9 

9 

9 


lbs. 

1-37 

1-81 

2-24 

268 

311 

3-55 

3-98 

4-42 

4-85 

5 29 



( 47 ; 



CHAPTER Vin. 

VARIOUS FORMS OP PUMPS— oanh»uc(i 

The working-barrel is formed of hard grey metal, bored 
out truly cylindrical in the larger pumps, and with a gun- 
metal or copper liner inserted in the smaller ones. The 
ends are slightly bell-mouthed, and are made sufficiently long 
to allow from 3 inches to 12 inches clearance beyond the 
actual stroke of the pump. The thickness of the metal is 
greater than that of the rising main, owing to the wear and 
tear, and to allow for reboring when necessary. In forcing- 
pumps the top of the barrel is made tight, with a stuffing- 
box or gland packed with metallic material, which can be 
renewed without ^topping the working of the pump. 

The clack or waist-piece contains a turned conical seating 
for the yalye. In some cases, in open-topped pumps, a 
second seating of larger diameter is provided above the one 
generally in use. The advantage of this arrangement is 
that it enables a temporary valve to be lowered, in the event 
of an accident, to act until access can be had to the defective 
valve. Door-pieces are fixed so as to enable the bucket or 
clack to be examined or changed. These, of course, are 
only available when the water is below the level at which 
they are situated. The diameter of the suction-pipe may 
be reduced below the level of the clack or valve to from 
one-half to two-thirds of the area of the working-barrel, 
except in the case of quick-running pumps, when the 
diameter should not be less than that of the working- 
barrel. 
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The rose^ windbore, or strainer, at the bottom of the 
suction-pipes takes various shapes ; but care must be taken 
to make the aggregate area of the apertures not less than 
from two to two and a half times the area of the suction- 
pipe. 

The pump-rods are either made of wrought-iron with 
flanged joints bolted together, or of pitch-pine connected by 
means of iron side-plates and bolts running through the 
rods. Hard-wood guides are affixed to the rods when 
working in the rising main, and metal rollers guide the 
rods when working a plunger. 

The valves, of which there are at least two in every 
pump, either fixed or movable, require the most careful 
attention, as they frequently cause a large portion of the 
power of the pumping apparatus to be lost. It is essential 
that they should offer little resistance to the passage of the 
water in one direction, and close the passage quickly and 
entirely in the contrary direction, so as to prevent slip. 
The weight of the valve should be sufficient to close without 
knocking, and be light enough to be lifted without offering 
undue resistance to the water. In high lifts the valve is 
usually calculated at 1 lb. in weight per square inch of area, 
equal to 2*3 feet of water ; and for low lifts it varies from 
\ lb. to i lb. per square inch of area. The velocity of the 
water through the valves should not exceed 5 feet per 
second. The valves used in pumps belong to one of two 
classes, the hinged or door, and the spindle valve. 

The flap or hinged valve (Fig. 8) consists of a flap or 





Fig. 8. 



sheet of leather, stiffened and weighted with metal plates, 
working on a hinge, the shell being of wood or metal. 
The butterfly valve (Fig. 9) is of frequent application. 
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and deriyes its name from the wings or flaps, consisting of 
semi-drcnlar discs hinged to the centre of the shelL The 
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Fig. 9. 

wings, or flaps, are stiffened and weighted with metal 
plates, similar to the flap, or hinged yalve, and the shell is 
formed of wood or metal. 

The mitre valve (Fig. 10), used mainly in horizontal 



^^^^ 




Fig. 10. 
pnmps, consists of a eiroular metallic disc, with conical 
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faoe, the upper portion having a short spindle to limit its 
lift, and feathers below to guide the valve on to its seat. 

The mbber disc valves (Fig. 11), both single and double, 
are largely used for lift-pumps, and consist of an iron or 
gun-metal seat or grid, either forming part of the shell or 
fitting into a recess in it. The rubber forms the valve, and 
is prevented from rising too high by the guard shown in 
the figure. The apertures in the seat or grid are placed 
at an angle to produce a circular motion in the water and 
thence in the valve. This prevents the valve from falling 
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Fig. 11. 

in the same position and gradually cutting the rubber. 
Sufficient clearance must be allowed around the spindle for 
the lift of the valve. Strong dark blue rubber, which is 
a little heavier than pure rubber, stands better for heavy 
work. 

The double-beat valve (Fig. 12) was first introduced by 
the well-known firm of Harvey & West, of Hayle, for the 
Wicksteed Cornish engine at the East London Waterworks. 
It was designed to overcome the battering and the great 
wear and tear of the flap- valves, and has been used with 
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little modification up to the present time. It consists of 
a circular ring, on which the lower part of the valye beats, 
and a similar ring of less diameter on the plate of which 
the npper part beats, forming ^^the double beat" The 




Pig. 12. 

beats are formed of lignum-vitsB, white metal, or leather. 
They are fixed to the valve and beat on a gun-metal seat. 
The valve consists of a double cylinder, one within the 
other, forming one piece, open top and bottom, and working 
on a spindle. 
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The webs connecting the parts together are placed at a 
slight angle, to canse the yalve to rotate dnring the influx 
of water every time it rises and falls, which keeps the beats 
perfect and tends to prevent grooving. The great advantage 
of this valve is its small lift, owing to the two openings for 
discharge, the vibration caused by the closing of the valve 
being diminished in consequence. 

The three- and four-beat valves only present slight varia- 
tions, due to the multiple number of beats. 

The Eiedler valve, which is being largely used on the 
Continent for quick-speed pumps, is giving great satisfaction. 
Professor Eiedler, the inventor of the valve, has made a 
series of observations on the action of valves (Indicator- 
Yersuche au Pumpen), and the valve referred to is the result 
of his investigations, with a view to remedying the defects 
of valves used in quick-speed pumps. The lift is performed 
automatically, and the closing of the valve is accomplished 
by a spring and lever. 

The air-vessel is simply a cylindrical vessel of cast- or 
wrought-iron, with a dome-top and inlet and outlet con- 
nections from the' pump at or near the base. The air in 
the upper part of the vessel is compressed until it balances 
the pressure of the water being pumped. At those parts 
of the stroke at which the motion of the pump piston exceeds 
the average speed, the surplus water further compresses the 
air to a small extent, and is thereby received into the air- 
vessel ; again, at those parts of the stroke where the speed 
of the piston is below the average, the water thus stored up 
in the air-vessel is forced out by the expansion of the air, 
and supplies the deficiency. The air-vessel equalizes the 
strain on the pumps and pipes through which the water 
flows, and renders the delivery nearly constant, and is to 
the flow of water what the fly-wheel is to an engine. The 
only trouble in practice is that of keeping the air-vessel 
charged with air, as compressed air in contact with water 
is more or less rapidly absorbed. Provision should be made 
either by having a small pump for the purpose of pumping 
air into the air-vessel, or a small cock should be fixed on 
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the suction pipe to allow air to be pninped with the 

water. 

The quantity of water contained in a pipe is determined 

by the formula x = '00283^2/, in which x = quantity in 

gallons, d = diameter of pipe in inches, and I = length of 

pipe in inches ; being based on the fact that the area of a 

circle in square inches is *7854(Z^, and a gallon contains 277 

'7S54dH 
cubic inches, therefore ^-- — = •00283(?Z; and a? x 10 = 

weight in lbs., the weight of a gallon of water being 10 lbs. 

To find the pressure of water in a pipe, — The pressure in 

lbs. per-square inch is determined by the formula, x = *433^, 

in which x = the pressure in lbs. per square inch, h = the 

head or height of water in feet ; being based on the fact that 

a cubic foot of water weighs 62*4 lbs., and a square foot 

62*4 
contains 144 square inches, therefore -^11 = '^33 lbs. 

The quantity of water delivered at each strolce of a pump is 
obtained by means of the formula given for the contents of 
a pipe. If d = the diameter of the working barrel or 
plunger in inches, I = the length of stroke in inches. 

The quantity delivered per minute is determined by the 
number of strokes per minute multiplied by '00283^^/. 

These calculations make no allowance for slip, which 
varies from 5 to 15 per cent, or more, according to the con- 
dition of the pumps. The amount of slip is determined 
by accurately measuring the quantity of water delivered by 
the pumps into a cistern or tank of known capacity, or over 
a weir, and comparing the quantity with the calculated 
delivery, according to the dimensions of the pump. The 
method of gauging over weirs will be described in a future 
chapter. 
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CHAPTER IX. 

RAINFALL, SPRINGS, STREAMS. AND THEIR MODE 

OF MEASUREMENT. 

The moisture which is constantly being evaporated from the 
sea and other water surfaces is carried by the air, and is 
returned as rain and snow to feed the springs and streams, 
and is again, in turn, evaporated to supply the sources of 
rainfall. There is always moisture present in the air, 
varying according to the season and situation. In this 
country the average proportion is stated by eminent authori- 
ties to be about 1^ per cent. When there is a considerable 
amount of moisture in the air, approaching saturation, a 
slight reduction of temperature causes the moisture to be- 
come visible in the form of mist, rain, hail, or snow. 

The rainfall of a district depends largely upon the position 
of its mountain ranges and forests, together with the direction 
of the prevalent winds. It is a matter of common observa- 
tion in this country that the western and southern shores 
have an annual rainfall considerably in excess of the eastern 
shore. The rainfall on the western coast varies from 40 
to 70 inches per annum, and in an exceptional case, in 1883, 
the great depth of 190*28 inches was recorded at the Stye, in 
Cumberland. The rainfall on the southern coast varies 
from SO to 40 inches, and on the eastern coast from 20 to 30 
inches, with an extremely low rainfall in 1883 of 18*71 
inches at Clacton, in Essex. 

The distribution of rainfall is very variable over the 
surface of the globe, due to the peculiar conditions 
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preyailing in each district. In Great Britain, the average 
fall is about 33 inches, with considerable variation. Spain 
has about 100 inches on the Atlantic Coast, and from 8 to 10 
inches at Madrid; India from 10 to 600 inches; in Aus* 
tralia the average fall is about 25 inches ; North, America, 
40 to 90 inches ; South America, from nil up to 270 inches ; 
and in Africa^ from nil up to 40 inches. The areas over 
which an occasional shower falls at long intervals, exceeding 
a year in many cases, and termed rainless districts, are the 
deserts of North Africa, Arabia, Persia, Beloochistan, Thibet, 
Mexico, Guatemala, California, Peru, and Chili. 

There are many cases recorded of excessive rainfall 
occurring within short periods in this country, causing the 
bursting of embankments, and floods of great magnitude, 
where sufdcient means of discharging the flood-waters, at 
such times, is absent. Buchan states that 3 inches is not 
infrequently recorded in 24 hours in the Highlands of Scot- 
land. At Seathwaite, in Cumberland, 6*62 inches fell on 
November 27, 1848. A remarkable fall was recorded at the 
Newport Waterworks reservoir during the 24 hours ending 
9 a.m. on July 15, 1875, of 5*33 inches; the same storm 
was the cause of two small reservoir disasters, viz. at the 
Eogers Pond reservoir, at Cwm Cam, Monmouthshire, and 
at the Blakeney Brook reservoir at Cinderford, in Gloucester- 
shire. 

In estimating the available rainfall for water supply, it is 
the minimum rainfall on which all the calculations must be 
based. Mr. G. J. Symonds, F.K.S., who has done such 
valuable service to the country in organizing the complete 
system of record of rainfall observations, gives the following 
proportions as the limits of fluctuation in the rainfall. 
These are the result of a large number of observations 
extending over many years, and which, he states, will be 
within 7 per cent, of the actual fall : — 

Wettest year, 45 per cent, more than the average. 

Driest year, 33 per cent, less than the average. 

Driest two consecutive years, 26 per cent, loss than the 
average. 



^ ^VRAL XVATEH St/PFLY. 

Driest thie« oonBeentive years, 21 per cent, leas than the 



ment by means of loin-ganges. These Dbserrations shoold 
be taken daily at or aboat the same time— usually 9 a.m. 
The number of gnages foi any district depends upon the 
extent of the catchment area or water-shed, and upon its 
altitude. The " Snowdon " pattern of rain-gauge (Fig. 1 3) 
is frequently adopted for waterworks purposes. It has a 




Fia. 13. 
diameter of 5 or 8 inches. It shonld be placed on a level 
base of stone or similar material, and either & recess cut in 
the stone to admit the gauge, or pegs driven around the 
cylinder to prevent lateral movement. The site should be 
on even ground, with plenty of open space, and at a distance 
of not less than one and a half times the height measured 
horizontally from plantations or buildings. The top of the 
gauge should stand 12 inches clear of the ground. The 
gauge consists of a copper cylinder, provided with a funnel 
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of the same metal to receive the rain and prevent evapo- 
ration. The tube of the funnel terminates in a glass 
cylinder, which retains the rain-water nntil the observer 
has measured the depth of water in a graduated glass 
measnre for the purpose. The altitude of the rain-gauge 
should be carefully taken by connecting its height with the 
nearest ordnance bench-mark. 

The rain and snow which fall on the surface of the earth 
are disposed of in the following ways : — 

1. Evaporation. 

2. Percolation. 

3. The remainder flows off as storm or flood-water. 

1. Evaporation, or the property of the water to rise in 
vapour, has received the attention of many eminent ob- 
servers, among whom may be mentioned the names of 
Evans, at Nash Mills ; Gilbert and Lawes, at Eothampstead ; 
and Greaves, at Lea Bridge, near London. The latter found 
the annual evaporation from large water surfaces was about 
21 inches, and was distributed in the following proportion 
during the year : — 

January to March 4 inches 

April to May 8 „ 

June to September 7 „ 

October to December 2 „ 

The amount of evaporation from large water areas is in 
most cases equal to the rainfall, therefore in estimating the 
yield of a water-shed or catchment, the area of the lake or 
reservoir should be excluded. The evaporation from land 
surfjEtces varies according to the geological and physical con- 
ditions prevailing in the district, and any fixed rule is im- 
possible. Steep slopes in the lower series of rocks afford 
the greatest flow over the surface, and little evaporation and 
percolation. Plantations lessen the loss by evaporation. 
The amotmt of evaporation on land surfaces in this country 
varies from 8 to 20 inches, and in hotter climates is much 
greater ; in parts of India it varies from 55 to 90 inches, 
and on water surfaces the average is usually taken at 72 
inches. 
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The Dead Sea and the Mediterranean afford examples of 
great evaporation. 

2. Percolation^ or the passage of rainfall through the 
surface of the ground, varies also according to the geological 
and physical conditions. The first recorded experiments in 
this country were made towards the end of the last century 
by Dr. Dalton, of Manchester, and have been continued by 
Dickenson and Evans, Gilbert and Lawes, Greaves, Latham, 
and others. In the evidence before the Boyal Commission 
on Metropolitan Water Supply, 1893, the following par- 
ticulars were given as to the percolation through 3 feet of 
soil, with grass growing on the surface, and 3 feet of chalk, 
also with grass growing on the surface, at Kash Mills, 
Hemel-Hempstead, and to these are appended the results 
obtained from Lea Bridge and Eothampstead : — 



District. 


Period. 


Mediam. 


Rainfall. 


Percolation. 


Nash Mills 

>» »» ••• ••• 

Lea Bridge 

Bothampstead 


1842 to 1884 
1854 to 1884 
1852 to 1873 
1871 to 1892 


Feet. 

SoU3 

Chalk 3 

Soil 3 

SoU5 


Inches. 
27-40 
27-84 
25-94 
3011 


Inches. 

6-77 
10-55 

7-02 
1390 



In the Eothampstead experiments a solid block of earth 
was enclosed in a water-tight tank, and in each case the 
experiments were made with level surfaces. 

3. The storm or flood water varies according to the absor- 
bent power of the ground over which it flows, together with 
the amount of evaporation. It either flows off the surface 
to form streams and rivers, which supply many towns, such 
as London, York, and Chester, or it may be impounded in 
the head waters for the supply of towns at a distance. The 
average summer flow of water-sheds with rocks of medium 
absorbing power and steep slopes does not, as a rule, exceed 
3*12 gallons per 1000 acres per second. In times of flood 
the flow off such water-sheds requires special precautions. 
Heavy rainfalls, cansing excessive floods, have occurred 
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during the constrnction of reservoir dams, and are not by 
any means nnusoal : among others may be mentioned the 
following : — 









cond 
res. 










ss 


S.*fP 


Beservoir. 


Owner. 


Date. 


Is. per 
rlOOO 


linfall 
ours (i 
rateo 










«•« 










Inches. 


Woodhead ... 


Manchester Corporation 


Oct., 1849 


3125 


12- 


Rhodes Wood 


)) n 


Feb., 1852 


1562 


5-96 


Vymwy 


Liverpool Corporation 


Jan., 1883 


1112 


4-24 


Vartry 


Dublin Corporation ... 




3202 


12-22 


Tansa 


Bombay Corporation ... 


"•^ 


4640 


17-71 



An inch of rainfall per 24 hours per 1000 acres is 
equivalent to 42*01 cubic feet, or 261,951 galls, per second. 
1 in. per acre = 100 tons = 22,400 galls. 

Although such extraordinary floods are of short duration, 
and occur at intervals of some years, yet the circumstances 
attending them must be taken into consideration in the 
design and construction of reservoir works, by providing 
means of passing such floods through the works without 
endangering them, and that such means of exit should be 
at all times clear, without the aid of manual or mechanical 
labour being required. 

The average daily flow of some of the large rivers is 
given below — 

Per day. 
Eiver Thames at Ditton 906 million galls. 

Severn 300 

Ouse, at York ... 140 
., Tiber (Italy)... 5500 „ 

To arrive at an accurate estimate of the quantity of 
water available in a catchment area, it is necessary to have 
rain-gauges fixed as previously stated, and recorded every 
day with simultaneous gaugings of the flow of water in the 



j> 



» 



)} 



» 



» 



» 



6o RURAL WATER SUPPLY, 

streams and springs. Carefal attention must be given to 
the stratification and dip of the rocks, as it is by no means 
an infrequent occurrence for a large portion of the rainfall 
to follow the dip of the strata and rise as springs in an 
adjoining water-shed. The gauging of the rainfall, streams, 
and springs, should extend oyer as long a period as possible, 
in order that the necessary calculations may be based on 
reliable data. The experiments and results given as to 
evaporation and percolation are instructive and interesting 
from a scientific point of view, but have been carried out on 
too limited a scale to be relied upon for the general purposes 
of water engineering. 
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CHAPTEE X. 

MEASUEEMENT AND ESTIMATION OF THE FLOW 

OF WATEB. 

Ths units of measurement nsually adopted in ganging the 
flow of water, are the cubic foot and gallon for capacity, 
and a minute, second, or twenty-four hours for time. 

An imperial gallon of water at a temperature of 62° 
Fahr. and a barometric pressure of 30 inches, weighs 
10 lbs ; and a cubic foot contains 6*235 (practically 6^) 
gallons. 

The flow of water through sluices, pipes, or channels, is 
goyemed by the same laws as falling bodies, and its motion 
would be uniformly accelerated but for the resistance 
offered by the friction and form of the channel. 

The theoretical velocity due to the force of gravitation, 
friction being neglected, is expressed by the formula — 

V = \/2gh. 
Where v = velocity in feet per second. 

„ g = the force of gravitation, or the velocity 
acquired by a body falling through space 
under the influence of the attraction of the 
earth, in one second. 
„ h = the head, vertical distance through which the 
water has fallen, or difference in level of 
the two ends of the channel, in feet. 
The numerical value of g varies slightly according to the 
altitude and the latitude. In England the value usually 
adopted is 32*2 feet per second. The above formula may 
therefore be written — 
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• V = 8-025 y/h, 
II to the natural head artificial pressure equivalent to h' 

feet has been added, then — 

V = 8-025 i/A + h\ 
These formulsB require modification according to the 
particular form of orifice through which water is discharged. 

Gauoxng by meaks of an Obifiox. 

The discharge of water through an orifice is propor- 
tional to the area of the orifice and the mean Telocity of 
discharge. Theoretically the discharge &om an orifice 
should be equal to the product of the velocity of discharge 
and the area of the orifice. Experiment has shown, how- 
ever, that the converging currents of water as they approach 
the aperture, produce a contraction in the area of the issu- 
ing stream, varying in degree according to the form of the 
orifice. This is called the vena contracta, A coefficient, 
determined by experiment, has therefore to be applied in 
each case, so as to make allowance for this contraction. 

The formula for discharge through an orifice may there- 
fore be written — 

q = 8-025 c a \/£ 
Where q = discharge in cubic feet per second. 
„ a = area of orifice in square feet. 
„ h = head in feet, or the height of the surface of 

the water above the centre of the orifice. 
„ c = a coefficient applicable to the particular 
form of orifice. 
The following values for c are adapted from those given 
in Spon's Engineering Tables : — 

Eound or square orifices in a thin plate, '62. 
Sluice at end of a rectangular channel, -70. 
Short tubes (three diameters and under) with square 
edges, -SI. 

Short tubes when the tube projects into a reservoir or 
cistern, '71. 
The following table give the results of experiments made 
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by eminent observers upon circnlar orifices, with sharp 
inner edges : — 



Name. 


Head. 


Diameter of 
orifice. 


Coefficient. 




Feet. 


Inches. 




Abbe Bossut 


0-6 


10 


0-649 


Oastel 


2-7 


1-2 


0-6'29 


Venturi 


2-9 


1-6 


0-622 


Bennie 


10 


l-O 


0-6a3 


Bennie 


20 


10 


0-619 


Eytelweia 


2-4 


1-0 


0-618 


Weiabach 


20 


1-2 


0-614 



Mr. Mair Eomley, in bis experiments at Messrs. Simpson 
and Co.'s works at Pimlico, recorded in the " Proceedings " of 
the Institution of Civil Engineers, found that the coefficient 
of discharge was a£fected by the temperature of the water. 

The discharge through a submerged orifice is calculated 
in exactly the same manner, except that the difference in 
level of the surface of tho water on either side of the orifice 
is taken as the head. 

Gauging bt means of Wbibs. 

For this purpose a sharp-edged weir (Figs. 14 and 15) 
gives the most satisfactory results. A still-water pond 
should be formed on the up-stream side of the weir, to steady 
the flow of the water. A peg should be driven at a point 
in this pond as far as possible &om the weir, and the upper 
surface of the peg should be made perfectly level with the 
upper edge of the weir. As it is difficult to drive a peg with 
precision under water, especially when the bottom of the 
pond is hard and stony, the following is a useful practice : 
Drive the peg so that its upper surface is slightly below the 
required level, and then drive a long flat-headed nail into 
the top of the peg. By means of a hammer the nail may be 
easily driven until its head is exactly level with the upper 
surface, or sill, of the weir. 

To construct a weir for the purpose of ascertaining the 
discharge of a stream of water, a water-tight dam must be 
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fonued, tbe beet mftteiial for which is olay. In this dam 
the weii IB fixed, which uaaallf consistB of a plank or &ame 




of wood, with a rectangular notch cut in its upper edge. 
The plank is kept in a vertical position by means of stakes 
driven on either side of it. The horizontal edge of the 
notch over which the water flows, must be fixed perfectly 
level, and mnat be bevelled so as to present a thin edge on 
the np-stream side. The depth of the water below the 




Fig. 15. 
sill of the weir on ^e up-stream side shoolcl not be less 
than three times the depth of the water flowing over the 
weir; and the difi'erence in level between the surface of the 
water on the down-stream side of the weir and the sill of 
the weir should not be less than half the niaximam depth 
of the water flowing over the weir. 

The theoretical formula for the discharge of water through 
rectangular notches is — 

Q - ^ i v'(27) H* 
Where I = length of notch in feet. 

ft = height in feet of the free-level of the discharg- 
ing water above the sill. 
Q = discharge over weir in cnbic feet per second. 



MEASUREMENT OF THE FLOW OF WATER, 65 

Owing to the interference with the free flow of the stream 
occasioned by the ends and sill of the notch,' a coefficient, 
c, has to be applied to this equation, bringing it to the 
form — 

The coefficient c varies with Z and H. 

With values of H between '25 and 2, and with I not less 
than 2, the coefficient c is fairly constant, and may be taken 
as *62, which is the same as that for the discharge of water 
through round or square orifices in a thin plate, given 
above. 

In cases where extreme accuracy is not required, the 
following formula, proposed by the late Mr. Thomas 
Hawksley, F.E.S., may be employed : — 

Where Q' = discharge over weir in gallons per second. 
„ ^ = depth of water flowing over weir in inches. 
„ Z = length of notch in feet. 

The table given on p. 66 has been calculated from this 
formula. 

All measurements of depth shoul4 be taken at the peg 
above referred to, which should be situated at least 3 feet 
above the weir. A thin steel rule should be used for this 
purpose. 

Where, however, only the approximate discharge is 
required, the measurement may be taken over the siU of the 
weir. This method will obviously give a low discharge. 

Gauging bt means of Unifobm Channels. 

The calculation of the discharge by uniform channels, 
such as canals and bye-washes, is of great importance in 
waterworks engineering, and has received much attention. 

At the commencement of this chapter it was stated that 
the flow of water through sluice-pipes or channels is 
governed by the same laws as falling bodies, and its motion 
would be uniformly accelerated but for the resistance offered 
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by the friction and form of the channel. The principal 
part of the friction is proportional to the square of the 
Telocity, and is nearly the same at all depths. The friction, 
howeyer, yaries according to the surface of the fluid ex- 
posed to the solid in contact therewith, in proportion to 
the whole quantity of fluid; that is, the friction for any 
giyen quantity of water is as the surface of the bottom and 
sides of a riyer directly, and as the whole quantity of water 
in the river inversely. Therefore, supposing the whole 
quantity of water to be spread on a horizontal surface equal 
to the bottom and sides, the friction is inversely as the 
height at which the river would then stand, which is called 
the "hydraulic mean depth" (Eytelwein's "Hydraulics"). 
The hydraulic mean depth may be simply stated as the sec- 
tional area of a stream divided by its wetted perimeter. 

Perhaps the most generally useful formula is that devised 
by Eytelwein, and slightly modified by Beardmore — 

t; = 55 \/hx~2f 
Where v = velocity in feet per minute. 
„ A = hydraulic mean depth, in feet. 
„ / = fall in feet per mile. 
This formula must, however, be used with caution. 

The following formula is given in Box's "Hydraulics" 
for long channels, neglecting head due to velocity of 
entry, which in long channels is inappreciable : — 

Where L = length of channel in yards. 

„ A = cross-sectional area of stream in square feet. 

„ P = wetted perimeter. 

„ F = fall in inches. 

„ = cubic feet discharged per minute. 

Gauging bt meaks of Surface Yelooitt. 

The discharge of a stream may be found by observing 
the surface velocity by means of a wooden float or weighted 
tube. The time occupied by the float in passing over a 
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measnred distance (which should be as great as possible) 
is noted, and the Telocity reduced to lineal feet per second. 
As the surface Telocity in the centre of a stream is greater 
than the mean Telocity of the whole body of water, a proper 
allowance must be made. 

The proportion which the mean Telocity of the water 
in a stream of tolerably uniform section bears to the surface 
Telocity at the centre has been made the subject of much 
iuTestigation. The following formulsB, amongst others, haTO 
been proposed : — 

U = Mean Telocity in feet per second. 

V = Surface Telocity at centre in feet per second. 

1. Prony — 

^_ Y(Y + 7783 ) 

V + 10-345 

2. NcTille (for Telocities less than 10 feet per second, in 
small channels) — 

U=-816V. 

3. Boileau (depth not exceeding 1 foot)— 

tJ = -785 V to -865 V. 

4. Beardmore — 

U = (V + 2-5)-\/5T 

The discharge is found by multiplying the mean sectional 
area by the mean Telocity of the stream. 

On a large scale an instrument called a current-meter is 
frequently used to determine the Telocity, and hence the 
discharge of a stream. 

The results arriTed at by the aboTO methods are only to 
be adopted when more reliable data cannot be obtained. 

Very small streams may be gauged by allowing the 
water to flow into a Tessel of known capacity {e,g, &jpail or 
cistern), and noting the time taken in filling. 

Memobanda. 

Cubit feet per minute — 

X 9000 = gallons per 24 hours. 
Gallons x 1604 = cubic feet. 
Cubic feet x 6*25 = gallons. 
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CHAPTER XT. 
PLANS, SECTIONS, LEVELLING, NECESSARY DATA. 

Haying inyesiigated the available sources of suitable water 
in the neighbourhood of the district to be supplied, made 
careful gaugings, levellings, and obtained all possible infor- 
mation as to permanency of supply, compensation for water 
rights, probable demands for easements or purchase of land, 
and the nature of the ground with regard to excavation for 
reservoirs, laying mains, etc., it becomes necessary to em- 
body or record the results obtained in the forms of plans, 
sections, and reports. 

Water engineers have nowadays much to be thankful for 
in being able to obtain at a low cost the accurate surveys 
afforded by the Ordnance Department, instead of having to 
make special surveys for themselves — always tedious and 
often unnecessary. The Ordnance Surveys are issued on 
several scales, and can be obtained &om Mr. Edward Stan- 
ford, Charing Cross, London, S.W., sole agent for England 
and Wales. The following information is extracted from a 
small pamphlet issued gratis by Mr. Stanford : — 

1. -g^ (= 10*56 feet to a mile) for towns with popu- 
lation over 4000. Some towns have been published on the 
scales of -^ ( = 10 feet to a mile), and j^^ ( = ^ ^©©t to 
a mile). 

Each sheet represents 24 chains by 16 chains. Price, 
uncoloured, 28. each ; coloured, 2s, 6d, to 10^. 6d, 

2. 2^00 (== 25*344 inches to a mile). Each sheet repre- 
sents 1-| miles by 1 mile. Price, uncoloured, 2s, 6d, each 
(with areas printed on, 3^.) ; coloured, 2^. 6d, to 23«. 
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Approximately one square inch on these plans equals one 
acre. 

The area of each enclosure, together with a reference 
number, is printed within it on the plan. The brace 8 on 
the plans indicates that the spaces so braced are included 
under the same reference number. Areas are computed to 
the centre of the fence or other boundary of the enclosure, 
except in the following cases : — 

1. When the fence or other boundary is also the boun- 
dary of a parish or other civil division which does not 
follow the centre of the fence, the area is calculated to tho 
parish or other boundary, and not to the centre. 

2. The fences, etc., bounding either side of a railway are 
included wholly within its area. 

Altitudes are given in feet above the approximate mean 
water at Liverpool. Those indicated thus /^ B. M. 54*7 
refer to marks made on buildings, walls, etc., and are called 
bench-marks. Trinity high-water mark, which is the level 
of the lower edge of a stone fixed in the face of the river 
wall on the east side of tho Hermitage entrance of the Lon- 
don Docks, is 12*48 feet above Ordnance datum. 

3. Six inches to the mile. Each sheet represents six miles 
by four miles. For certain counties quarter sheets, which 
are reductions of the -^toQ plains, may be obtained ; these 
represent three miles by two miles. Price, full sheets, 2^. 
and 28. 6(2., quarter sheets l8. each. 

4. One inch to the mile. Each sheet represents eighteen 
miles by twelve miles. Price (with one or two exceptions) 
\9. each. 

Before ordering plans an index map of the county, parish, 
or town in question should be obtained from Mr. Stanford. 
This will greatly facilitate the purchase, and save much 
delay and annoyance. It is generally best to have tho 
sheets mounted on brown holland before they are sent. The 
charge is not heavy, and the results are excellent. 

The gyg^th, commonly known as the 25 inches to the 
mile, scale is usually the most suitable for the general plan 
of a waterworks. Upon this plan the position of reservoirs 
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and pumping-stations, and the lines of mains and branches 
are marked, the dimensions of the pipes being figured above 
them. The positions of sluicc-yalves, air-yalves, hydrants, 
etc., are also indicated. The names of the owners and 
occupiers of all lands upon which it is proposed to con- 
struct works or lay pipes should be written in the enclo- 
sures ; and the names of owners and occupiers of mills, or 
other property in connection with which claims may be 
made as regards riparian rights, should also be entered 
against the property in question. 

Careful levellings must be made along the proposed lines 
of pipes, and these should be plotted to the same horizontal 
scale as the general plan and to a yertical scale of 20 feet to 
the inch. 

Detail plans and sections of reservoirs, pumping-stations, 
etc., should be drawn to a scale of not less than eight feet to 
an inch. 

The hydraulic mean gradients should be drawn upon the 
sections of the main and branch pipes. 

The following example will show the method of calcula* 
tion by which the losses of head due to friction, and hence 
the hydraulic mean gradients, are found. Suppose the 
storage reservoir to be situated at A (Fig. 16) and that 
8640 gallons per day are to be delivered at the point C, ll;520 
at the point E, and 14,400 at the point F. The lengths of 
the main and branches are shown on the section ; also the 
levels at each point. 

As the demand during the summer is frequently greater 
than that in the winter, and the demand during the middle 
of the day much exceeds that of the remainder, it is usual 
to take three times the average rate of supply as the basis 
upon which the diameters of the mains and branches are 
calculated. Eeducing the rate per day to gallons per 
minute, the system must be so designed as to enable 18, 24, 
and 30 gallons per minute to be discharged at the points G, 
E, and F, respectively, with the head available. 

Assume a 4-inch pipe from A to B. 

Assume a 3-inch pipe from B to D* 
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Assume a 2-incIi pipe from D to F. 

Draw the horizontal line AA' through A and produce the 
ordinates through B, D, C, F, E, so as to cut AA' at B', D', 
C, F', E, respectively. 



"< 



§ 







Then by the formula G 



= v'^^ 



XH 



(or in practice 



by a set of tables), the loss of head dne to the discharge of 
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— 18 + 24 + 30 = 72 gallons per minute throngh the pipe 
A£ is found to be 83 feet. 

Make B'B" = 83 feet and join AB". Then AB" is the 
hydraulic mean gradient for the section AB, provided that 
no point in the pipe AB rises aboTe the line AB". 

In the same manner the loss of head due to the discharge 
of 24 + 30 = 54 gallons per minute through the pipe BD is 
79 feet. Make D'D" = 83 + 79 = 162 feet, and join B'T>", 
which is the hydraulic mean gradient for the pipe BD. 

Again the loss of head due to the discharge of 30 
gallons per minute through the pipe DF = 139 feet. Make 
FF" = 83 + 79 + 139 = 301 and join D"F', which is the 
hydraulic mean gradient for the pipe DF. 

The point F is therefore only 1 foot aboTe the hydraulic 
mean gradient at that point, and this may be neglected as 
insignificant. It now remains to determine the diameters 
of the branch pipes, BC and D£. 

The head at the point B, or the distance of the hydraulic 
mean gradient above that point, being 400 — 200 — 83 = 
117 feet ; and the point being 250 — 200 = 50 feet above 
the point B ; the available head at the point C is 117 — 50 
= 67 feet. The diameter of a pipe 2500 yards in length 
to discharge 18 gallons per minute with a head of 67 feet 
is found from the same equation to be 2*184 inches. 

A 2^-inch pipe (the commercial size next above 2*184) 
would therefore be used for this branch. The loss of head 
using a 2^-inch pipe, calculated in the same manner as in the 
previous cases, will be 34 feet. Make C'C" = 83 + 34 = 
117 feet, and join B"C", which is the hydraulic mean gradient 
for the pipe BC. 

The head at the point D = 400 - 150 - 83 - 79 = 88 feet ; 
and as the point E is 180 — 150 = 30 feet above the point 
D, the available head at the point D = 88 — 30 = 58 feet. 

Calculating, as in the last paragraph, the diameter neces- 
sary to discharge 24 gallons per minute at the point E = 
2*277 inches, a 2^-inch pipe would therefore be used for 
this branch also, and ther loss of head for such a pipe would 
be 36 feet. 
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Make E' E" = 162 + 36 = 198 feet, and join D'' E", which 
is the hydraulic mean gradient for the pipe DE. 

An examination of the section will now show that the 
pipes at no point rise ahoye their respective hydraulic mean 
gradients, and that the latter are not situated unduly above 
the former. 

The velocity of the water in these pipes necessary to 
obtain the specified discharges must now be calculated. 

Let V = velocity in feet per second. 

G = discharge in gallons per minute, 
d = diameter of pipe in inches. 

Then V =0-32 (approximately). 

From this formula the velocities may be calculated, and 
are tabulated as follows : — 



j> 
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Diameter 


Discharge 


Velocity 


Section. 


of pipe 


(gallons per 


(feet per 




in Inches. 


minute). 


second). 


AtoB 


4 


72 


2 


BtoD 


3 


54 


2 


DtoF 


2 


30 


8* 


BtoO 


2* 


18 


1* 


DtoE 


2* 


24 


2 



These velocities are below 3 feet per second (see p. 27), 
with the exception of the section D to E. It will be re- 
membered that the point E was 1 foot below the hydraulic 
mean gradient. Taking both these circumstances into 
account, it would be advisable to increase the diameter of 
the pipe from D to E to 1\ inches. This alteration will 
reduce the velocity in this section to 2^ feet per second, and 
will raise the hydraulic mean gradient at E to 92 feet above 
it. The system may now be considered satisfactory. 

Supposing that at any point the line of pipe had risen 
above its hydraulic mean gradient, then the pipes preceding 
that point would have to be enlarged to such an extent as 
would raise the hydraulic mean gradient above the pipe at 
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that point. As an alternative, the line of pipe may be 
lowered by means of a tunnel or deep entting, but this is 
rarely economical or expedient. 

In calculating the diameters of the various pipes neces- 
sary to afford a stated supply at a given point, the head 
required at the point to be supplied must be taken into 
account. Supposing the level of the source of supply to be 
500 feet above a certain village, but that a head of 100 feet 
is required at the village itself, to force the water to the top 
stories of the houses, or for fire-extinguishing purposes, then 
the available head upon which the diameter of the pipe 
leading from the source to the village must be based will be 
only 600 - 100 = 400 feet. 

In calculating the diameters of the pipes from the 
maximum daily rate of supply, a certain minimum must be 
observed. For instance, a branch may be laid to supply a 
block of three cottages containing a population of 15 people. 
Allowing 10 gallons per day for each person, the average 
rate of flow to afford this supply would be '104 gallons per 
minute. Trebling this for a maximum daily supply would 
give '312 (or less than \ gallon per minute), and the time 
taken in filling an ordinary 3 gallon bucket would be nearly 
ten minutes. A system should be arranged so that a dis- 
charge at a rate of 3 gallons per minute may be obtained at 
each connection. At farm-houses, where the water is used 
for refrigerating the milk, a supply of at least 3 gallons per 
minute is required. 

On the other hand, it is frequently necessary to lay down 
a branch main of considerably larger diameter than would 
be necessary to afford the requisite supply. As this often 
leads to waste of water (especially where the place to be 
supplied is isolated), which may interfere with the hydraulic 
mean gradients of the entire system, reduced fittings may 
be enforced, or the supply may be regulated by a sluice 
valve under the sole control of the undertakers, fixed at the 
termination of the branch. The following formulad will 
enable the engineer to calculate the amount of reduction 
necessary : — 
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Let g = discharge in gallons per minute. 
„ Z = length of branch in yards. 
„ (2 = diameter of branch in inches. 
,, (;^= internal diameter of tap in inches. 
„ % = total head in feet. 
„ Ai= head consumed by friction in branch. 
n ^2 = ^cad consumed by a screw-down tap fixed at the 
termination of the branch. 
Then ^ = ^ + ^a and let d^^r d 
Then assuming that the obstruction to the flow of the 
water caused by the tap is the same as in the case of short 
tubes (not less in length than twice the diameter of the 
orifice), the area at the point of greatest contraction will 
be '81, the area of the passage through the tap. 

Then (1) ^1 = -—^ — -r, • h 
^ ^ * l-394d + r^l 

,^. , _ l'394d , 



" ^ ^ ^ V I • 1-394^ + rH 

As the calculations from which the diameters of the 
mains and branches of a waterworks are obtained are based 
upon the results of the preceding levelling operations, a 
few words upon levelling may not be out of place. In the 
first instance, the engineer should never neglect to test his 
level before commencing work. The testing need not 
extend further than to prove that the level will " reverse " 
truly, and that the line of sight lies in the plane of colli- 
mation. 

If, when the instrument has been set up, the bubble does 
not remain stationary in the middle of the tube on the level 
being revolved, the error must be rectified half by raising 
or lowering, as the case may require, the level by means 
of the capstan-headed screws, and half by the parallel 
plate-screws. 

If, however, the level, after the most careful adjustment, 
refuses to reverse correctly, it should be sent to the makers. 
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In the meantime, the bubble should be centred at each 
reading by means of the plate-screws. 

To adjust the level for collimation, select a fairly level 
piece of ground and measure out three chains, and place 
pieces of flat stone or slate for the staff to rest upon at 
the commencement and terminations. Call these ABCD. 
Set up the level at £ and read the staff on A and C. This 
will give the true difference of level between A and C, as 
the errors of adjustment would be the same on either side, 
the distance being equal, and would neutralize each other. 
Then set up the level at D, and read the staff again on A 
and C. If, on comparing the last reading with the previous 
ones, the difference of level between A and C is the same in 
each case, the level is in adjustment. If, however, the 
second operation does not agree with the first, an error is 
present. This error is proportional to the length of the 
sight, and is, therefore (in the second operation), three 
times as great on A as on C ; half the error in level being 
the error due to one chain in distance. This error must be 
corrected by raising or lowering, as the case may require, 
the cross-hair of the level by means of the collimating 
screws, until the readings of the staff when placed on A and 
C give the same difference of level whether the instrument 
be set up at B or D. 

Always read each sight twice — the second time after 
booking. In turning the level on its axis, always turn it 
the way of the sun, otherwise it may become unscrewed, 
which would cause error and probably serious delay. 

The necessary data include the following : — 

Yield and permanency of source. 

Quantitative analysis of water. 

Sanitary survey of source. 

Lengths of mains and branches. 

Population to be supplied. 

Rate of supply per head. 

Levels. 

Cross sections and particulars of streams, etc., to be 
crossed. 
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Additional supplies for trade, dairy, or compensation 
purposes. 

Names of owners and occupiers, and rateable value of land 
to be interfered with. 

Nature of ground to be excavated. 

Quality of local building materials and labour. 

Prices of manual labour and liorse hire. 

Facilities for transit. 

Particulars as to quantities of water used for mills, etc., 
in connection with which claims may be made. 
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CHAPTER Xn. 

MATERIALS. 

Amongst the principal materials employed in waterworks 
construction the following are included: Iron (cast and 
wrought), steel, copper, lead, zinc, tin, brass, gun-metal or 
bronze, stone, bricks, concrete, cement, lime, gravel, sand, 
clay, and wood. 

Cast and wrought iron and steel are made from ^^ pig- 
iron," which is manufactured from iron ore. Fig-iron is 
the name given to the crude, unpurified metal in the form 
that it is first obtained from the blast furnaces, and is 
classified as : (1) Bessemer ; (2) foundry ; (3) forge. 

Bessemer *' pig " is dark-grey, contains a large proportion 
of free carbon, a small quantity of silicon and manganese, 
and is practically free from sulphur and phosphorus. It is 
principally used for conversion into steel (Bessemer process). 
Foundry '* pig " contains a large proportion of free carbon, 
and is therefore specially adapted for foundry work. Forge 
^' pig " contains little free carbon, and is therefore adapted 
for conversion into wrought iron. 

Cast-iron is obtained by re-melting foundry " pig "-iron in 
a small furnace termed a cupola. Inferior castings are 
sometimes run direct from the blast furnace. Cast-iron is 
sub-divided into: (1) grey ; (2) white; (3) mottled. 

Grey cast-iron is made from the best foundry pig, and 
produces the best castings. White cast-iron is made from 
forge-pig, and is only used for the most inferior descriptions 
of castings. Mottled cast-iron is a mixture of the grey and 
white varieties. If a little nitric acid be applied to a clean 
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fractured surface of cast-iron it will give a black stain with 
the grey variety and a brown stain with the white variety. 
White and mottled cast-iron do not rust so readily as the 
grey variety. Chilled castings are produced by using metal 
moulds. 

Malleable cast-iron is produced by subsequently heating 
castings in an annealing oven with some substance containing 
an excess of oxygen. The oxygen combines with the carbon 
in the casting to a certain depth, depending upon the length 
of exposure, rendering that portion of the casting similar to 
wrought-iron. 

Cast-iron contains a large percentage of carbon (from 2 
per cent, to 6 per cent). It is chiefly used in waterworks 
construction in the manufacture of pipes, the bodies of 
sluice and other valves and appliances, in the heavy parts 
of engines and pumps, for roof-trusses, and for ironwork 
generally, which will not be subjected to tension. 

Wrought-iron is generally prepared from forge-pig, by 
puddling, after which it is rolled and converted into " puddle- 
bars." The diflferent qualities of " puddle-bars " are^- 

1. Puddled or rough bars. 

2. Merchant bar, or common iron. 

3. Best bar. 

4. Best best bar. 

5. Best best best bar. 

6. Scrap bar; which is again subdivided into "best 
scrap," and " best best scrap." 

Wrought-iron is practically free from carbon, and should 
not contain more than '15 percent. Wrought-iron is chiefly 
used in waterworks construction in the manufacture of tubes, 
for roof trusses, girders, and for ironwork exposed to tension, 
or where forging is necessary. 

Steel is defined by Dr. Percy as " iron containing a small 
percentage of carbon, the alloy having the property of 
taking a temper." It contains from '12 to 1*5 per cent, of 
carbpn, and is, therefore, in composition, midway between 
cast and wrought-iron. Steel is manufactured is two 
ways — 
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1. By extracting a portion of its carbon from cast-iron 
(Sieman's process). 

2. By adding carbon to wrougbt-iron (Bessemer process). 
Tbe principal varieties of steel are — 

1. Blister steel. 

2. Cast steel. 

3. Mild steel. 

4. Puddled steel. 

Steel is chiefly used in waterworks construction for tubes, 
and largely in tbe manufacture of engines and pumps, for 
girders, and generally where bigb tensile strains baye to be 
supported. Tbe use of steel is rapidly superseding cast and 
wrougbt-iron for most engineering purposes. 

Cojjper is principally employed for roses or strainers for 
pumps, or at outlets to reservoirs ; also for floats for ball- 
taps, etc. 

LeaA is used for joining cast-iron pipes, for making dis- 
tributing pipes, for weighting pump-valves. 

Zino is principally used for cisterns, covering roofs, and for 
covering iron to protect it from rusting (galvanizing). 

All wrougbt-iron tubes used for distributing water should 
be galvanized. This is effected in the following manner. 
The iron is cleaned, and after being heated, is dipped, in 
molten zinc, which forms a protecting coating without 
injuring the iron. 

Tin is used for coating water-pipes internally, so as to 
protect them from the action of the water. 

"BroAZ is an alloy consisting of copper and zinc, in pro- 
portions varying from 2 to 18 of copper, to 1 of zinc. Brass 
is used for bushes and bearing surfaces, but is inferior to 
bronze. It is largely used for valves and taps. 

Gun-metal or Bronze is an alloy of copper and tin. 

Soft gun-metal contains 8 parts of tin to 92 of copper. 
Hard gun-metal, 18 parts of tin to 82 parts of copper. Bell- 
metal, 23J, or 23, parts of tin, to 76i, or 77, parts of copper. 

Bronze is fusible, and makes good castings. It is soft, 
uniform in texture, and wears evenly, and is therefore speci- 
ally suitable for bearing surfEuses, producing little friction. 
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Its tenacity is higli, and it does not corrode. It is exten- 
sively used for pump-barrels, valve-faces, slides, and screws 
and also for making the best valves and taps. 

The following table, taken from Unwin's "Machine 
Design,", gives the safe limits of stress, with a live or vary- 
ing load, to which most of the materials described above 
may be exposed: — 



Safe Limit in Pounds per Square Inch. 



Material. 


Tension. 


Compression. 


Shearing. 


Caet-iroa 


3600 


10,400 


2700 


Wrought-iron barg 


10,400 


10,400 


7800 


„ „ plates ... 


10,000 


10,000 


7800 


Soft steel, untempered 


17,700 


17,700 


13,000 


Cast steel „ 


52,000 


62,000 


88,500 


v/Opp6T ... ... •*« 


3600 


8120 


2300 


J3Ffl(BB ... •*• •*• 


3600 


— 


2700 


Gun-metal (or bronze) . . . 


8120 


*~~ 


2400 



SUme is used in waterworks constrnctioDj^ in building the 
walls of reservoirs and filter-beds, in the erection of engine 
and pumping' houses, and as a constituent of concrete. 
Except, however, where stone is plentiful and easily worked, 
masonry is generally superseded by brickwork or concrete. 
Any hard stone may be used for concrete, though limestone 
perhaps gives the best results. 

Bricha are almost indispensable in waterworks construc- 
tion, for the purposes mentioned above in connection with 
stone, and often form a heavy item of expense. 

The best quality of bricks should be used, especially for 
outside work. The cost of these is, however, frequently 
prohibitive, and then the local productions, if there are any, 
must be carefully inspected by the engineer. Economy only 
begins when efdciency has been attained ; but the efficiency 
of a material depends upon what is required of it. The 
varieties of bricks depending upon the materials used and 
the subsequent manipulation are almost endless. For 
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general work, however, the variety known as " stocks '* will 
be snitable. These are hard-burned bricks, well-shaped 
and sound. Staffordshire blue-bricks are best for coping' 
purposes. Good bricks should be sound, free from cracks 
and flaws, stones and lumps of any kind (especially lime). 
They should be regular in shape, uniform in size; their 
arrises or edges should be square, straight and sharply 
defined ; their surfaces should be even, not hollow, and not 
too smooth. They should not absorb more than one-sixth 
of their weight of water. They should be hard, and burnt 
so thoroughly that there is incipient vitrifaction throughout. 
They should give out a ringing sound when struck against 
one another. The cost of brickwork is calculated by the 
rod or by the cubic yard. A rod of reduced brickwork 
consists of 272 superficial feet, one and a half bricks in 
thickness, and is equal to 11| cubic yards. The following 
estimate of the cost of brickwork for a small reservoir may 
be useful as indicating the points to be included. 

Cost of Bbickwobk per Cubic Yard. 





8. 


d. 


9, 


d. 


400 stock bricks at 80^. per 1000 


... 12 









\_/&r v&gw >•• .•• ... ••• ••* 


... 













— 


15 





1 to 4/^^ bushel Portland cement at 3«. OtZ. 
\5^ bushels sand at 1^. IJdL 


... 









... 6 













^— 


11 






Labour — ' 

Bricklayer : 5 hours at 6d 2 6 

Labourer: 5 hours at 3}(2 15^ 



Say 30«. per cubic yard. 



3 11} 



£1 9 \\\ 



In this instance the bricks were obtained from a local 
brickyard, and were of inferior quality, but good enough for 
the work. A thoroughly good class of bricks would have 
cost 668. per thousand, including railway carriage and extra 
haulage. The Portland cement cost 10s. 2d. per cask, less 
3«. for returned empties, or 43s. per ton nett, on rail in 
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London. There was no local sand snitable for mixing with 
cement. The sand estimated for was sea-sand, costing 49. 
per ton on rail, and to tHs had to be added heavy railway 
carriage and hanlage. 

Brickwork in reservoirs should always be laid in Portland 
Cement or the best hydraulic lime. 

CcmGrete is extensively used in waterworks construction, 
both for foundations and for entire structures. The materials 
for concrete are: (1) The aggregate or body. (2) The 
matrix or mortar. 

The aggregate may consist of broken stone, slag, bits of 
brick, or almost any hard material. It should be broken 
to about a 2^inch gauge. The matrix is either lime or 
cement and sand. The proportions in which the aggregate 
and matrix are taken should depend upon the proportion of 
void to solid in the former. This can be found out by 
filling a water-tight box of known capacity with the aggre- 
gate, and then noting the quantity of water that can be 
poured into the box without overflowing. 

One cubic yard of stone, broken to 1\ inch gauge, contains 
10 cubic feet voidey one cubic yard of ditto, broken to 2-inch 
gauge, contains 10| feet voids; one cubic yard of ditto, 
broken to 1^ inch gauge, contains 11^ cubic feet voids. 

Shingle contains 9 cubic feet voids. Thames ballast 
(which contains the necessary sand), contains 4 cubic feet 
voids. 

If the aggregate consists of stones of various sizes, the 
voids will bo reduced. When the concrete is intended for 
foundations where strength is necessary and imperviousness 
is immaterial, the matrix may be slightly less than the 
voids. If, however, imperviousness is the flrst consideration 
the matrix must exceed the voids. 

The following is an estimate of the cost of concrete for 
the work above referred to : — 

Materials for 1 cubic yard of concrete (6 parts broken 
stone to 1 part of mortar) : broken stone, 6 parts = 27 cubic 
feet ; sand, 2 parts = 9 cubic feet ; Portland cement, 1 part 
= 3-51 bushels. 
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Paets op a Day occupied by a Bbicelaybb's 
Labourer (Hurst's Handbook) — 



MeasuriDg the materials 
Turning over twice ... 
Filling into barrows ... 
Wheeling, say 25 yards 
Loyelling in layers 
Bamming ... .•• 



Per cubio 
yard. 

•04 

•06 

•05 

•03 

•02 

•03 

•23 



8. 


d. 


2 


6 


7 


lOi 


13 


2 





^\ 



Estimate pee Cubic Yard op Concrete. 

Broken stone (2 J-inch gange), 27 cubic feet at 2«. 6(i. 

Sand, 9 cubic feet at 178. 6d. per ton 

Portland cement, 3^51 bushels 

Labour, *23 days at 28. lid 

£14 3 

The concrete should be mixed dry on a wooden platform, 
the materials being measured by means of wooden boxes 
without bottoms, turned over twice dry, sprinkled with 
sufficient water through a rose, turned over until thoroughly 
mixed, filled into wheelbarrows, wheeled to the site, tipped 
gently into position, and well rammed in 12-inch layers. One 
cubic yard is sufficient for one mixing. 

Cement — The cement most used in waterworks construc- 
tion is Portland cement. It is used for making mortar, 
concrete, and for rendering. 

The following estimate in connection with the reservoir 

above referred to for rendering may be useful. Cost per 

superficial yard of rendering on brickwork, |-inch thick, 

1 of Portland cement to 2 of sand — 

8, d. 

Portland cement, '21 bushel at Ss. dd 9^ 

Sand, '42 at Is. Id ... ... ... 5^ 

Plasterer and labourer, '08 days at 148. 7d, ... 12 

2 5 

Portland Cement is grey in colour, weighs from 112 lbs 
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per striked bnsbel, and should be gronnd so fine tbat after 
passing throngb a sieve containing 2500 mesbes to the 
square inch, the residuum shall not exceed 10 per cent. 
Briquettes made from the cement and immersed in water, 
when sufficiently set, for seven days, should be capable of 
sustaining a tensile stress of at least 300 lbs. to the square 
inch. 

Lime. — Hydraulic limes or limes capable of setting under 
water, are frequently used in waterworks construction, either 
alone or mixed with cement. The blue and brown Lias 
limes are examples. If of good quality, they give excellent 
results. 

Gravel is used for filter-beds and for making concrete. 
In either case it must be clean and free from earth or 
vegetable matter. 

Sand is used for filter-beds, and for mixing with cement 
and lime for mortar, and for making concrete. For filter- 
beds, the sand must be clean, uniform, but not too fine in 
grain, sharp, and approaching pure silica as closely as 
possible. For mortar and concrete the sand should be 
perfectly clean, free from clay or other impurities; the 
grains should be sharp and angular. 

Clay is largely used for puddling. It should contain 
only a small proportion of sand, and should be quite free 
from vegetable matter, or friable stone ; but the presence of 
a small amount of gravel gives it greater stability. The clay 
should be freed from all vegetable matter, and should 
be exposed to the weather or "weathered" for as long a 
period before use as possible. It should then be spread out 
flat, and cut across in every direction and thoroughly worked 
with spades, or passed through a pug-mill, sufficient water 
being added and the whole mass reduced to a stiff homo- 
goneous consistency. It should then be rammed into position 
in very thin layers. 

Wood is used in roof trusses, and in the construction of 
floors, doors, etc., in various parts of the work. It is also 
used for pile foundations. Oak, beech, and elm are the best 
suited for the latter purposes. 
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Innnmerable tables have been published giving the relative 
strength of various materials to support loads. These 
strengths should never be approached in actual practice, 
and largo margins should be allowed in designing structures 
from them. The following table of " Factors of Safety " is 
given in Unwin's " Machine Design." 





Dead 
load. 


Live load. 


Wrougbt-iron 
Cast-iron 
Timber ... 
Brickwork 
Masonry 


3 
3 

20 


In temporary 
BtractnreB. 
4 
4 
4 


In permanent 
Btractures. 

4to5 

5 

10 

6 

20 to 30 


In structures 
liable to shocks. 

10 

10 



The use of Callender's Pure Bitumen Sheeting for the 
lining of reservoirs and tanks, which has been recently 
adopted in the Whitby, Belper, Barry, and Bishop's Oastle 
Waterworks, will probably create a revolution in the future 
methods of construction in waterworks* 
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CHAPTER XIIL 

STORAGE OF WATER. 

One of tlie most important qnestions for the water engineer 
is the determination of the capacity for storage which is to 
be provided in the impounding reservoir. The purpose of 
these reservoirs is to maintain a balance between the 
fluctuations of supply and demand, when the rate of con- 
sumption is greater than the natural supply at the same 
period. They should not be too large or expensive, keeping 
in view the average growing necessities of the population. 
The average quantity of water required per head of population 
per day varies according to circumstances. It is generally 
supposed that it should not exceed twenty gallons in non- 
manufacturing, and thirty gallons in manufacturing towns ; 
though, in fact, these quantities ought to be, and soon will 
be, regarded as maximum rather than minimum limits. The 
following table gives the variation in the quantity used in 
flfty-eight towns in the United Kingdom and in fourteen 
towns abroad. The comparison is not altogether satisfactory, 
as many of the towns abroad include water used for flushing 
purposes in the rate consumed per head : — 

Table of Wateb Consumption peb Head peb Day in 

VABious Towns in 1892. 

Galls, per 

head 

per day, 

• •• •*• iSl 

... • • * ^O U 

. • • ... ^o yj 





Qalls. per 




Town. 


head . 
per day. 


Town. 


Aberdeen 


... 60-0 


Bath 


Abingdon ... ... 


... 5*0 


Bedford ... 


Banbury ... ... 


... 17-0 


Birmingham 


Barrow-in-Furness 


... 32-8 


Blackburn... 
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• 


Galls, per 1 




Galls, per 


Town. 




] 


head 
aer day. 


Town. 


] 


head 
per day. 


Bolton 


• • • 


... 


200 


Tjeamington 




170 


Bournemouth 


• • • 


... 


25-0 


jueeQS ... ... 




300 


Bradford ... 


• ■ • 


... 


22*7 


Lincoln 




210 


Bridgwater 


• • • 


... 


160 


London County ... 




29-5 


Burnley ... 


• • • 


... 


2209 


East London ... 




31-8 


Cardiff ... 


• • • 


... 


21-0 


NewEiver 




28-5 


Carlisle ... 


• • • 


.*• 


220 


Chelsea 




34-6 


Carnarvon... 


• • • 


... 


400 


West Middlesex 




29-2 


Congleton... 


• • • 


... 


100 


Grand Junction 




33-3 


Coventry ... 


• • • 


... 


20-0 


Vauxhall South wark 




31-2 


Croydon ... 


• • • 


• * * 


82-0 


Lambeth . . . 




30-4 


Dartmouth 


• • t 


... 


120 


Manchester 




21-0 


Darwen ... 


• • • 


• . • 


27*0 


Newport (Mon.) ... 




200 


Derby 


• • • 


... 


20-0 


Northampton 




14-0 


Doncaster... 


• • • 


... 


200 


Nottingham 




18-73 


Dover 


• • • 


... 


26-0 


Oldham 




200 


Dublin ... 


• • • 


... 


470 


Perth 




39-39 


Dundee ... 


• • • 


... 


50-0 


Kipon \ ... ... 




23-0 


Edinburgh 


• • « 


... 


400 


Salisbury 




40-0 


Glasgow ... 


• • • 


... 


50-0 


Sheffield 




21-0 


Halifax ... 


• • ■ 


... 


23-75 


Southampton 




30*0 


Hereford ... 


• • • 


... 


30-0 


St>aleybridge 




21-0 


Huddersfield 


• • • 


... 


22-5 


Stratford-on-Avon 




19-5 


Keighley ... 


• • • 


•« . 


300 


Ulverston 




40-0 


Lauark 


• • • 


... 


400 


Warrington 




200 



Table or Watbb Consumption peb Head peb Day in 

FoBEiGN Towns in 1892. 







Galls, per 


Town. 




head 
per day. 


Bayonne ... 


• • • 1 


.. 55-0 


Berlin 


• • • 


... 22-9 


Bonn 


• • • % 


... 63-0 


Boston, U.S.A. 


■ • • 


... 760 


Chicago ... 


■ • • ( 


... 95-0 


Detroit 


t • t \ 


... 126-0 


Frankfort ... 


• • • 4 


.. 39-0 


Hamburg ... 


• • ■ 


... 620 



Town. 




Galls, per 
; head 
per day. 


Kiel 




... 28-0 


Limoges ... 




... 52-8 


Magdeburg 




... 29-7 


Marseilles ... 




... 990 


New York... 




... 65-0 


Paris 




... 47-0 


Philadelphia 




... 56-0 


Stuttgart ... 




... 23-8 



The consumption having been estimated according to tho 
circnmstances existing in the area to be supplied, the rain- 
fall within the proposed catchment basin is then to be 
determined. In estimating the storage required, the data 
afforded by any single or average year will not be sufficient. 
The estimate must be based on a period of years during 
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wLicli the rainfall is below the average. There are several 
methods for determining the capacity of storage required, 
some by empirical formulsB, others by graphical methods. 
Extreme care should be taken in adopting empirical formulas 
that due consideration is paid to the geological and other 
conditions existing within the catchment area to be dealt 
with. The late Mr. Thomas Hawkesley, F.B.S., deduced 
the following formula based upon his extensive experience — 

1000 

Where z = the number of days' storage required (which 

varies from 100 to 250 days). 
^ r = average rainfall in inches during three con- 
secutive dry years, the average rainfall for 
a dry year being taken at five-sixths of that 
for aA average rainfall of a long series of 
years. 
A graphical method was communicated to the Liverpool 
Engineering Society, in December, 1891, by Mr. T. Turner 
Tudsbury, and a further paper was recently read before 
the Austrian Society of Civil Engineers, by Herr W. Eippl, 
of which the following is a description : — 

On an axis of abscissae, the months are laid off for each 
year of the period under consideration, and the demand of 
the town in cubic feet or gallons for each month plotted as 
ordinates, a slightly undulating curve drawn through the 
points so plotted gives the demand curve. In a similar way 
the. supply curve is plotted, and represents the available 
rainfall from the water-shed. 

Whenever the supply curve rises above the demand curve, 
we have a surplus on hand, and when the latter curve rises 
above the former a deficiency is shown for the period indi- 
cated. From such a diagram the surplus or deficiency for 
each month can be scaled off and used in the construction of 
a mass curve. The months and years of the period involved 
are represented by abscissas as before ; but the ordinate at 
each month rjepresents the algebraic sum of all the surpluses 
and deficiencies from the beginning of the period to that 
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point. The mass curve reveals the surplus or deficiency 
during the interval between any two points on the axis of 
abscisssB, which is represented by the difference of the 
corresponding ordinates. An ascending curve shows an 
increasing, and a descending curve a decreasing storage; 
while crests and hollows show occasions when demand and 
supply are balanced. 



Impounding oe Stoeagb RESBEvonis. 

The principal factors which determine the position of 
impounding reservoirs are — 

1. Purity of source. 

2. Area of catchment basin. 

3. Quantity of available rainfall. 

4. Altitude and suitability of site. 

5. Geological structure. 

1. Purity of source, which has been already referred to, 
is of paramount importance. The most satisfactory area 
to impound water is where there is a sparse population, 
scant herbage, and an entire absence of cultivated land. 
The nearer these conditions are approached, either naturally 
or artificially, by collecting and diverting the sources of 
pollution, the nearer will an ideal water-shed be realized. 

2. Area of catchment basin is found by drawing a contour 
line from the proposed site of the embankment along the 
ridges which form the water-shed, or from which the water 
sheds itself on either side. This may be ascertained from a 
contoured Ordnance map, or by running a contour on the 
ground and marking it on the map. The land within this 
line is then measured to arrive at the superficial area. 

3. Quantity of available rainfall has been already de- 
scribed. 

4. Altitude and suitability of site. The height of the 
source above the highest point of supply can easily be 
ascertained by an inspection of an Ordnance map, and a 
simple calculation will determine the available head for 
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supply. The pressure in the district to be supplied should 
at all times be sufficient to force the water above the 
highest buildings, and for this purpose an average 
pressure of 80 to 100 feet would be ample, and meet 
all requirements. In exceptional cases the only avail- 
able catchment area is not at a sufficient elevation to 
supply the district, and then the water has to be pumped 
from the impounding reservoir to another reservoir at a 
higher elevation. The greatest capacity with the least cost 
is the next object to be attained. Where a valley or lake 
can be utilized, the most economical method of forming a 
reservoir is to construct a dam at the inlet, the most 
desirable shape (Fig. 16a) being where the vallev gradually 




Fig. 16a. 

widens out upwards from the dam with only a slight fall to 
it from the inlet. Such an arrangement would give the 
greatest capacity with the least cost for embankment, and 
the uniform depth resulting would prevent the growth of 
vegetation. Surface springs should be kept clear of the 
embankment on the inner side if possible, and if existing on 
the site of the outer portion, should be conveyed in pipes 
or concrete channels beyond the toe of the embankment. 
The materials of which the dam is to be formed will depend 
upon those which are available on the site of the dam, and 
will be dealt with in detail subsequently. 
5. Geological structure of the area proposed to be utilized 



STORAGE OF WATER. 



93 



for the formation of sn impounding reservoir abonld be 
exceedingly carefnlly examined. Too mnoh stress cannot 
be placed npon a thoronghlj practical exaraination by an 
expert geologist or engineer who has a practical knowledge 
of the enbject, as a want of sufficient care at the outset may 
resnlt in a largely increased cost of constmction, or even a 
sabseqnent abandonment of the site. The site of the 
Woodhead reservoir of the Manchester Corporation had to 
be abandoned on account of the uneatiafactory foundations 
revealed after the excavations had coimneitced. The 
presence of permeable rocks dipping towards the dam is a 
source of trouble, and every precaution should be taken to 
prevent the water from percolating into them. The beat 




Fia. 17. o, PeivioDB beds. 

method is to excavate to a sufficient depth along the out- 
crop, and afterwards to fill in the trench with puddle 
protected on the surface with concrete. The permeable 
strata should also be cut through by the pnddle trench of 
the dam, or the water in the reservoir will gradually escape 
and rise as springs at a lower point in the valley, the 
(Quantity varying with the head of water in the reservoir 
(Fig, 17). Mr. Isaac Roberts, F.G.S., records the following 
observations npon the effect of pressure on the quantity of 
water that will pass through a square foot of sandstone of 
average coarseness, 10^ inches in thickness : — 
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Freunre. Peroolution. 

10 lbs. per square incb = 4^ gallons. 
20 „ „ = Ih ,, 

46 „ „ = 19 „ 

The dielooations produced hj faults, and the £sstites 
proceeding from them, are also a fruitful aoutce of anxiety. 
A knofrledge of their poBitioiis can only be ascertained by 
trial pita syBtematically arranged ; boreholes shonld not be 
relied upon. The fault may bo practically an open fissure, 
as well as a dislocation of the strata, raising a permeable 
bed to or near the level of an imperriouB one (Fig. 18). The 




fissures extending on either side are even more difficult to 
deal with than tbe fault itself (Fig. 19) ; they frequently 
ooour in the older roots. The result of such fissures is to 
convey the water out of the reservoir either by the side of 
the dam or under it through permeable strata, where it may 
rise as springe. This entails a serious loss to the impounding 
works. In exceptional cases the matrix or material between 
the two cheeks of the fenlt is composed of fine silicious clay, 
which forms an efiective dam in itself. Tbe gorges forming 
outlets to valleys are frequently fissured, in many oases to 
such an extent as to render a site higher up the valley with 
a longer embankment preferable on the ground of economy 
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of coDStmotion. The puddle trencbea in many iastanoes 
Iiave to be oanicd to a depth of 150 to 200 feet, owing to 
tha fissnies fonnd in the neck or gorge of a valle;, the site 
of which superficially poasesBes aa exaggerated importance 
owing to the short length of embankment requited. The 
economy in one direction is, however, far exceeded by the 
costly fbnndatioas in the other. As an instance of serions 
results arising from a fissnred foundation, where due pro- 
cautions had not been taken, we may refer to the Holmfirth 
reservoir, which burst in 1852, on the only occasion on 




which it was filled. The embankment was constructed on 
fisBored sandstone, and the water gradually escaped through 
the fissures, washing a portion of the embankment with it. 
Ultimately the embankment subsided below the weir-level, 
and a flood occurred completing its destruction. 
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CHAPTER XIV. 

STOEAGE OF WATER— confinMcd. 

The site of the embankment, or dam, having been thorongUy 
proved by means of trial holes at least 5 feet sqnare, and of 
sufficient depth to admit of a proper examination of the 
strata, the next step is to determine whether it is to be 
constructed of earth or masonry. Where there is a good 
compact clay foundation, and the clay is abundant in quantity, 
the dam must, for economical reasons, be formed of that 
material. Where, however, the position and quantity of 
suitable rock make conditions favourable for the construction 
of a masonry or concrete dam, then undoubtedly such a dam 
would be better, although the comparative cost would be 
much greater. Having decided upon the material for con- 
struction, it must be disposed of in the design according to 
experience, the recognized laws of such structures, and the 
peculiar circumstances of the case. 

Earthen embankments, as employed in the storage of 
water, consist, as a rule, of two trapezoidal-shaped figures 
formed of earth, clay, and stone, supporting a centre core of 
puddled clay, increasing in width directly as the depth 
(Fig. 1 7). The proportions of earthwork dams are limited 
by the angle of repose or slope at which the materials 
employed will stand. With cohesive materials this depends 
upon their power of absorbing water, which can best be 
found by experiment. Experiments upon several clays used 
in reservoir embankments show that the absorption by 
weight varies from 12 to 63 per cent. In the latter case 
the embankment failed several times during construction. 
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In practice the outer slope should not be less than the ratio 
of 1^ horizontal to 1 vertical, and, as a rule, it is made either 
2 or 2i to 1. The inner slope, which has a greater tendency 
to slip, owing to its angle of stability being reduced by 
the water, should not be less than 2\ horizontal to 1 vertical, 
and is more frequently made 3 to 1. 

The total width of the bank at the level of the top of the 
puddle-wall should not be less than three times the width 
of the puddle at that level. This width from slope to slope 
varies from 10 feet to 30 feet. 

The height of the embankment above high-water level 
varies according to circumstances. In numerous cases where 
the inner slope is continued up to the top of the embank- 



ITta^ 




Fig. 20. 

ment (Fig. 20) a greater height is required to prevent the 
waves from being driven over the top of the embankment in 
stormy weather. The late Mr. T. Stevenson, P.E.S.E., gives 
the following formula founded on his experience as a 
harbour engineer for finding the height of the waves in 
violent squalls ; — _ 

H = 1-5 n/D + (2'5 - 4^D) 
where H = the height of the waves in feet, where D = fetch 
in miles, which is the longest straight line that can be 
measured from any part of the dam to any part of the 
reservoir, when the latter is full and overflowing. 

It is found to be more convenient to make the slope 
steeper above the water line with a storm-wall at its summit 
(Fig. 21), or to build a storm-wall entirely across the 
embankment at the high- water level, with a coping projecting 
at least 6 inches (Fig. 22). This has the effect of curving the 
waves back, and affords every protection to the top of the 
bank. The height of the top of the bank above the water 
in flat slopes should not be less than 8 feet vertical, and with 

u 
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steeper slopes 5 feet vertical, with a dwarf wall at the water 
line not less than 4 feet yertical. 

The width and batter or taper of the puddle-wall varies 
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Fig. 21. 



with the materials of which it is composed. The clay used 
for the puddle should be carefully selected, and be of good 
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Fig. 22. 

tenacious quality, comparatively fsee from sand, and entirely 
free from friable stones and vegetable matter. A small 
proportion of gravel is an advantage, and increases its 
stability. The clay should be turned over and weathered 
for two or three months, and then well cut, tempered, and 
worked in stages, and afterwards passed through pug-mills. 
It is then conveyed to the trench and inserted in layers. 
The top width of the puddle wall varies from 3 feet to 10 
feet, and tapers outwards at from 1 in 8 to 1 in 16 down to 
the surface level, where it is either keyed into a concrete 
shoe as a base (Fig. 23 ) or is continued down in a trench 
until a sound foundation and retentive material are reached. 
The trench puddle is frequently carried down at a reverse 
or inward batter at rates of 1 in 8 to 1 in 16, according to 
circumstances (Fig. 24). When the pervious strata extend 
to a considerable depth it may be necessary to carry 
the trench down vertically the full surface width of the 
puddle- wall. Where this is done the bottom of the trench 
is covered with a layer of cement concrete connected to a 
key-piece of the same material, the layer at the base being 
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12 inches or more ia thickneBa. Wbere the strata &i& very 
porons or fissured, & wall of concrete, stone, or bnekwork, 




Bhoald be extended up the inner face of the trench as a 
protection to the paddle, and in some cases it is necessary 




to OBB concrete in the trench instead of pnddle. Water 
mnst in no case be in direct contact with the puddle. 

The whole of the soil and earthy mater^ls as well as 
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tree Btumpe and vegetation should be cleared off the site of 
the embanfanent, and no vegetable earth used in the construc- 
tion of the inner bonk. The materials in the inner portion 
shonld oonsist of fine olayey or other odheBive material with 
n small proportion of stones or ballast, except towards the 
toe, Trhere the proportion of stone shonid be increased, the 
oater portion consisting of dry, hard, and stony materials, 
with dry stoae drains where necesBarj. The materials on 
either side of the bank should be well consolidated as the 
work proceeds. On either side of the pnddle-wall a 
width of selected clayey material of not less than fonr times 
that of the pnddle wall is formed for the purpose of 
keeping the puddle moist, and to assist in its protection. 
The whole of the materials should be depodted In layers of 
from 9 inches to 2 feet in thickness, ourring or dipping 
towards the puddle-wall on either side. In some oases a 
bed of pnddle is carried &om the wall under the base of the 
inner slope and continued up the slope, sufficiently protected 
with selected material. The object of this is to render the 
inner bank impermeable (Fig. 25). 
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In excavating within the reservoir area for the purpose of 
providing material for the construction of the embankment, 
or with a view to increasing the capacity of the reservoir, 
care must be taken not to remove an impervious covering 
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over pervious strata, and thus create a difficulty which it 
should be the main object to avoid. 

The inner slope should be protected with stone pitching 
over the entire area of the made embankment after it has 
become consolidated, the toe of this pitching being embedded 
in a concrete footing. The solid slopes, when of a clayey 
nature, are also usually pitched with stone for a vertical 
height of 3 feet above and at least 5 feet below the high- 
water line, as a protection from the wash of the waves, and 
as a preventative against the growth of vegetation in the 
shallow water, as well as against discoloration from the 
dissolved clayey matter. 

In cases where a reservoir is constructed practically on a 
table-land and embanked all round, sufficient material is 
excavated from the interior to form the embankments and 
provide the requisite capacity. The methods of construction 
are in every way similar to the foregoing. 

There are two indispensable accessories to an impounding 
reservoir, viz. the outlet and overflow weir, over which many 
difficulties have arisen and through which many disasters 
have occurred. 

The outlet arrangements are carried out in several ways, 
according to the special circamstances of each case. The 
method of carrying the outlet pipes through the deep portion 
of the made embankment has been rarely followed, and is 
only permissible in shallow reservoirs. The terrible disaster 
in 1864, at the Bradfield or Dale Dyke Beservoir, near 
Sheffield, when 250 lives were lost, resulted from this 
practice. In reservoirs not exceeding 25 feet in depth a 
syphon (the action of which has already been explained), is 
the most economical and efficient as well as the safest method 
of drawing the water off. It does not interfere in any way 
with the embankment below the high-water line, and the 
same method has been recommended by Sir Bobert Bawlinson 
for drawing off the lower water from large reservoirs (Fig. 
26). This obviates the necessity of carrying the tunnel 
outlet at so low a level. The advantages of doing so are 
less interference with the strata at great depths and economy 
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in GonstruotioiL The BTBtem generally adopted in large 
reservoirs is to cut a trench or drive a beading throogli the 
volid rock at one end of the embankment, and coDstmct a 




stone, brick, or concrete and iron culvert with a Talve tower 
in the reservoir (Fig. 27). The hase of the tower is below 
the deepest portion of the reservoir, unless a syphon is 




adopted and arranged to draw off the water at different 
lev^B. The Water ie disobarged through the supply main 
laid within the culvert. The advantage of Ihis system is 
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the facility witt wHch any of the working parts can be 
examined and repaired witboat interfering with the embank- 
ment o; being in any way a Bonrce of weakness to it. Ihe 
qnestion whether it is pteferable to drive a heading or cut an 
open trench for the culvert depends upon the nature of the 
rock, apart from economical reasons. Where the rock is 
Bolid and compact a heading is preferable in most cases, 
but where the rock is fissured and contains many " backs," 
an open trench, which is filled in as the cnlvett progresseB, 
is frequently the better conrEe. This is due to the con- 
siderable difficulty attendant upon consolidating around the 
cnlvert in a timbered heading in fiasnred ground. In cases 
where it is necessary to cross the puddle-trench at a higher 
level than the bottom of the trench, the culvert should be 




Fia. 28. 
a, Wing walls ; 6, valve well ; c, culvert ; A, supply a 



supported on a concrete pier brought up from the solid rock. 
The valve tower may either he couBtmcted of stone, brick, 
or iron, with draw-off pipes at different levels, communicating 
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vith a stand-pipe in the centre of the tower. Each draw-o£F 
pipe is controlled by a valve worked from the top of the 
tower, and the bell-months are turned npwarda bo as to 
admit of plugging from the surface in the event of anything 
going wrong with the valvra within the tower. 

The method represented by Figs. 28 and 29, is not a 
system to be recommended. Here the ontlet is placed in 
the deepest part of the embankment, and consiatB of a 



^ ^ ^i^f^ /jK-ay^gy-y^ 




FiQ. 29. 
a, Maflonry forebay ; 6, valve well ; o, culvert ; d, supply main. 

masonry forebay, snpported by iron struts, and a draw-off 
well and tunnel, also in masonry. The tnnnel is supported 
on a concrete pier (vrith or without slip-joints), where it 
crosses the pnddle-trench. This system is objectionable, 
from the fact that many of these tunnels have been distorted 
or cracked, frequently developing leaks. Such structurea, 
in all probability, constitute an element of weakness where 
the greatest strength is required. 
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CHAPTER SV. 

STORAGE OP WATEE-«n«nue<J. 

Thx overflow or waste weir is placed at the embankment end 
of the reservoir on solid gronnd, with a concrete foun- 
dation. It ooneistB of a heavy masonry base formed of large 
stones set in cement and well keyed together, with heavy 
pitching on the approach and discharge sides. The channel 




on the discharge dde is continued in a series of steps down 
the side of the embankment (Figs. 30 and 31) (the water- 
oonise being pitched with stone), and terminates in the 
original stream-course of the valley clear of the embank- 
ment. The purpose of the overflow weir is to prevent the 
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water in the reservoir from rising above the level of the 
embankment and flowing over, and, in the case of earthen 
stmctures, causing the inevitable destmction of the works. 
In practice the length of the weir is made from 2\ feet to 
4 feet per 100 acres of water-shed. The length is limited 
by the maximum height to which the water is allowed to 
rise above the crest of the weir, which should never exceed 
2 feet, and is generally fixed at 18 inches. The conditions 
peculiar to each gathering-ground must be taken into con- 
sideration in the design of such works, but the rules given 
above may be safely followed where no storm records are 
available. An instance of insufficient length of weir in con- 
nection with the Tittesworth reservoir of the Potteries 




Fig. 31. 



Waterworks occurred in 1862. In this case the drainage 
area was 6800 acres, and the waste-weir was 60 feet in 
length. The water in the reservoir rose 5 feet above the 
crest of the weir, and to within 1 foot of the top of the 
embankment. Where a bye-wash channel has been con- 
structed round the margin of the reservoir, from the inlet, 
of sufficient capacity, the length of the overflow weir may 
be reduced accordingly. A residuum pond is frequently 
constructed at the inlet end of a storage reservoir, with 
considerable advantage. This has the effect of reducing 
the velocity of the storm waters, arresting any detritus, and 
allowing the water to deposit the greater part of the matter 
held in suspension. The last is a matter of some impor- 
tance where tie storm-waters are exceedingly turbid. The 
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pond is formed by constructing a wall or embankment 
across the mouth of the inlet, the top level of which being 
about 12 inches above the high-water level of the reservoir. 
In the ease of an embankment it is necessary to face the 
top and slopes with heavy stone pitching or concrete. The 
inlet water is allowed to rise over the top of the residuum 
wall (which forms one long weir), and fall into the storage 
reservoir. The pond may be cleansed either by drawing off 
the water and removing the deposit by manual labour, or 
by means of pipes connected with the pond and continued 
through the reservoir to its outlet, delivering a continuous 
stream of sludge-water into the original river channel below 
the embankment. 

The design and construction • of masonry or concrete 
dams, being rarely necessary for rural supplies, do not 
come within the scope of this book. 

The cost of storage reservoirs with earthen embankments 
varies considerably, according to circumstances, from £70 
to £900 per million gallons of capacity. 

Service reservoirs are supplied direct firom the impound- 
ing reservoir, or, where filtration is necessary, firom the 
filter-beds. Their office is to regulate the variation in 
the daily consumption, and to provide sufficient storage to 
meet the requirements of supply in the event of any accident 
of a temporary nature occurring between them and the source. 
The quantity of storage to be provided varies according to 
circumstances ; but, as a rule, two days' storage will meet 
all emergencies. Where the source of supply is at a con- 
siderable distance, or somewhat inaccessible, and where 
there is a single main, or, in the case of a pumping supply, 
where there are no duplicate arrangements, it would be 
prudent to increase the storage capacity of the reservoir 
so as to make provision in the event of a breakdown. 

In order to enable the student to form an idea as to 
the variation during the day, the accompanying diagram 
(Fig. 32) is given, which is taken from a Deacon differen- 
tiating meter. This diagram shows graphically the daily 
variation in a manufacturing town of 48,258 inhabitants, 
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and may be taken as a fair example. The abrupt rises and 
falls shown on it between 2 a.m. and 6 a.m. are due to the 
supply to locomotives during those hours, the waste line 
or minimum flow being equal to 20,800 gallons per hour, 
which is chiefly due to defective fittings. The total con- 
sumption, including domestic and trade supply, per head 
of population is equal to lp*85 gallons, and the minimum 
flow 10*09 gallons per head, or practically one-half of 
the supply. 

The variations of supply during the different periods of 
the year are not so great as might be anticipated. The 
householder's favourite practice of allowing the taps to 
run during frosty weather, and the number of burst pipes, 
have the effect of raising the consumption in the town 
referred to frequently up to, and in excess of, the summer 
months. The following table gives the consimiption per 
head per day for the last four years : — 

Gallons peb Head feb Day. 



Month. 


1890. 


1891. 


1892. 


1893. 


January 


19-77 


29-30 


23-26 


28-50 


February .. 






19-57 


23-26 


21-24 


23-43 


March 






20-38 


21-54 


22-53 


22-75 


April 






18-95 


20-38 


23-11 


23-14 


May 




» • ' 


20-99 


2106 


23-39 


22-11 


June 






20-81 


22-50 


23-31 


23-25 


July 






2105 


23-62 


22-90 


21-69 


August 






21-79 


21-66 


21-73 


20-63 


September ... 






21-40 


22-13 


21-72 


18-78 


October 






2110 


22-13 


2208 


20-08 


November ... 






20-58 


21-30 


21-26 


21-91 


December ... 






24-21 


23-54 


23-29 


19-90 



The site for a service reservoir should be at a sufficient 
elevation, and within the immediate vicinity of the district 
to be supplied. It is usually constructed either of masonry, 
brickwork, or concrete, and roofed over ; or by excavation 
and embankments lined with concrete and pitching and left 
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open. It is absolutely necessary to cover the service 
reservoir when near a town or mannfiEM^tories to prevent 
contamination, and especially so after filtration. Service 
reservoirs are only left uncovered when situated at some 
distance from any smoke or fumes from chemical or other 
works, and in such cases the depth must not be less than 
10 feet, which may be increased with advantage so as to 




Fig. 33a. 

prevent the growth of vegetable matter which produces that 
peculiar fish-like smell so common in shallow reservoirs. 
Figs. 33a and 33b are examples of open reservoirs, and 
Fig. 34 of a covered reservoir. Covered reservoirs should 
always have two feet of earth above the roof, to keep the 
water as cool as possible, and ventilators should be placed 
in the crowns of the arches. It is an advantage to have 




Fig. 33b. 

a wall dividing the tank or reservoir into two portions for 
the purpose of cleansing &om time to time. 

Collecting tanks are used for storing the water from 
springs, and fulfil the offices of impounding reservoirs on 
a small scale, to which the duty of a service-tank is fre- 
quently added. These tanks are constructed of masonry, 
brickwork, or concrete, either with arched roofs, as in Fig. 
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34, or covered witli iron plates Bnpported by girders (Fig. 
35). 

The coat of coverad serYice reeervoirfl Taries from £2 to 
£6, and of open reservoirs from £l per 1000 gfdlons. 



MaTjAcft- 



f^ntt&t&T 




Fig. 3t. 



The nsnal accessories to a service or collecting reservoir, 
containing from 5000 galls, to 50,000 gallons, are the inlet 
and onUet, overflow and wash-out or aconi-pipes. The 
inlet-pipe shonld be so arranged that the inflowing water 
may Ibe shnt off or diverted from the reservoir when the 
latter is being repaired, etc. The month of the inlet-pipe 
is nenally fixed slightly above the level of overflow. The 
ontlet shonld be a few inches above the level of the floor 
of the reservoir, so as to allow for a certain amount of 
deposit &om the water. Its month shonld be covered with 
a perforated cap, rose, or strainer, which is best oonstmcted 
of tinned copper. The outlet shonld be commanded by a 
slnice-valve, fixed inside the reservoir, worked &om above 
by a wheel and spindle. The supply from a reservoir is 
sometimes taken by means of a floating pipe (Fig. 35). 
This ingenious method allows of the water being always 
taken from a little below the surface, which is the clearest 
portion of the water in a reservoir. The overflow pipe is 
either a pipe taken through the wall of the reservoir, with 
its month at the highest point to which the water is to be 
allowed to rise, or it may consist of a vertical pipe carried 
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up from the floor of the reserroir, having a bell-month for 
receiying the overflow water, and an inlet at the base con- 
trolled by a valve which acts as a scour or wash-out pipe. 
In the latter case the pipe should be constructed of copper. 
The wash-out, or scour-pipe, has its mouth situated at the 
lowest point of the floor of the reservoir, which should be 
made to slope towards it. It should be large enough to 
empty the reservoir rapidly, and must have its outlet below 




Fig. 35. 

the level of the floor of the reservoir. It may either be 
controlled by a sluice-valve worked from the surface, or in 
small tanks by means of a brass plug and chain. In small . 
tanks the overflow and wash-out are sometimes combined, 
the foot of the vertical overflow pipe being ground into the 
mouth of the wash-out ; by loosening and lifting the over- 
flow pipe the water is free to escape through the wash-out. 
Ladder-irons should be built into the wall of the reservoir 
to allow of access to the interior. 

The inner surface of the reservoir should be rendered 
with cement, which should be brought to a perfectly smooth 
surface with the trowel. 

Where the supply is obtained from springs, it is usually 
necessary to collect them by means of stone-ware pipes with 
open joints covered with broken stone. These pipes are 
connected by means of close-jointed pipes, and conveyed to 
a small tank, from whence they are conducted to the reser- 
voir. Great care must be taken in collecting springs, to 
avoid all chance of pollution. 
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CHAPTER XVI. 

THE PURIFICATION OP WATER-FILTBATION. 

Thb methods of "purifying" op rendering water suitable 
for domestic consumption are aeration, subsidence, precipi*- 
tation, straining, and filtration. 

Aeration is a natural process of oxidation, the atmosphere 
acting on matter in solution, this action being facilitated by 
forming cascades and fountains to agitate and break up the 
water into thin sheets and spray. This method is employed 
by the West Gloucester Water Company, at Frampton 
Cotterill, to get rid of the large amount of dissolved sul- 
phuretted hydrogen contained in the water, which by this 
means is rendered bright and more palatable. Exposure to 
the atmosphere has the effect of softening hard waters by 
releasing the loosely combined carbonic acid and precipi- 
tating the carbonate of lime, but in such cases there is 
great liability to develop vegetable growth. The beneficial 
effects of aeration through the use of fountain inlets in 
destroying algea have been proved — in two instances with 
remarkable results. The action of the atmosphere on 
running streams in rivers and channels is well known, the 
organic impurities being brought in contact with the oxygen 
of the atmosphere, and gradually oxydized and rendered 
innocuous. 

Svhsidence is a process of settlement or gravitation of 
matter held in suspension, its rapidity depending on the 
specific gravity or fineness of the matter to be deposited. 
This action is continually proceeding in storage reservoirs 
to a greater pr less extent, according to the condition of the 

I 
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water, as well as in the settling ponds, residnnm lodges, and 
shallow reservoirs, which are specially adapted for the 
purpose, and are usually a preparatory stage for filtration. 

Precipitation of certain impurities is produced by the 
addition of a precipitant, the most economical being caustic 
lime. A certain quantity of lime is added to a measured 
quantity of water in a tank, forming what is known as lime 
water; the clear liquid is drawn off by a float-pipe into 
another tank, and the water to be softened is added to it, 
the action being as follows : The caustic lime combines with 
the loosely combined carbonic acid in the water, forming 
carbonate of lime, which is precipitated along with the car- 
bonates already in solution. The lime process was patented 
by Dr. Thomas Clarke, of Aberdeen, in 1841, and all the 
more recent methods are based on this principle. It has been 
successfully applied in several waterworks, both for domestic 
and manufacturing purposes, and among the towns using 
one or more of the recent methods may be mentioned Oolne 
Valley, Southampton, Wellingborough, SaflEron Walden, St. 
Helen's, and Stroud. The cost of softening, to the extent 
of removing from 10 to 24 degrees of hardness, varies 
from id, to id, per 1000 gallons. The hardness of water is 
stated in degrees, each degree representing one grain of 
carbonate of lime per gallon, and is found by noting the 
quantity of standard soap solution required to produce a 
permanent lather in a gallon of water. The composition of 
clear lime-water being constant, it is found that if the 
degrees of hardness are divided into 130 it will approximately 
give the number of gallons of the water which can be 
softened by one gallon of lime water. The above process 
has the great advantage of destroying organic matter and 
producing a bright effluent. The following table gives the 
hardness of water in a large number of towns :— 



Name of town. 



Degrees of 
hardness. 

Glasgow (Loch Katrine) . 080 

Manchester (Thirlmero) 1*50 

Sheffield 1*50 

Liverpool (Lake Vymwy) 3*15 



Name of town. 

Dundee 
Bournemouth 
Worcester ... 
Lowestoft ... 



Degrees of 
hardness. 

.. 3-28 

.. 4-70 

.. 8-06 

.. 900 
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Name of town. 


Degrees of 
hardness. 


Newport (Mon.) ... 
Cheltenham 


... 10-40 
... 11-56 


Yarmouth 


... 12-60 


Bristol 


... 13-40 


North wich 


... 13-60 


Nottingham 
Newcastle-on-Tyne 

Beading 

St. Helen's 


... 13-60 
... 14-00 
... 14-50 
... 1500 


Northampton 


... 15-47 



Name of town. 




Degrees of 
hardness. 


London 


i*« 


... 16-00 


Portsmouth 




... 16-00 


Canterbury 




... 17-60 


Stroud 




... 17-00 


Windsor' ... 


i • • 


... 17-89 


Southport ... , 




... 17-90 


York 




... 18 00 


Southampton 




... 18-00 


Sunderland 




... 24-00 


Wellingborough . 




... 37-00 



The commercial and domestic economic advantages which 
a soft water possesses over a hard one are indisputable. The 
late Mr. Thomas Hawkesley, in recent evidence, however, 
stated that the death-rates for ten years, from 1882 to 1891, 
in twenty-seven large towns supplied with hard and soft 
water were: Hard-water supply, 20»2 per 1000 persons; 
and soft-water supply, 23*0 per 1000 persons = 13'9 per 
cent, excess over hard-water supplies. 

Straining, e,g. through screens of brass or copper set in 
wooden frames — is absolutely necessary in all reservoirs. 
The screens intercept all floating and suspended matter 
larger than the mesh. They are removed from time to 
time for cleansing, which is usually performed by the ap- 
plication of a jet of water from a hose-pipe. The principle 
of filtration through sand, for the purpose of removing 
matters held in suspension, is often imperfectly appre- 
hended, the popular idea being that the sand simply acts 
as a sieve, and prevents the passage of any particles 
larger than the interstices between the grains, at the same 
time allowing a certain amount of subsidence to take place 
upon the upper surfaces. The sand, however, does much 
more than this — the main action being due to the force of 
adhesion or mutual attraction between the particles in 
suspension and the whole surfaces of the grains of sand, and 
not the top surfaces only, as would be the case if the action 
were merely that of subsidence. It has also an effect, 
although small, on matters in solution, which is illustrated 
by the following analysis, by Dr. Percy Frankland, of river 
water before and after filtration : — 



ii6 RURAL WATER SUPPLY. 

EeSULTS of AnALTSES EZPBESSED in PaBTS FEB 100,000. 









Before 


After sand 








filtration. 


filtration. 


Total solid matters 


... 1 


1 . . 


28-40 


26-20 


Organic carbon 


... 4 


. . 


•123 


•119 


„ nitrogen 


... 1 


> . * 


•025 


•022 


Ammonia... ... ... 


... < 


t .. 


•0 


•0 


Nitrogen as nitrates and nitrites 


. . 


•077 


•089 


Total combined nitrogen 




I . . 


•102 


•111 


Chlorine ... 




• . . 


1-6 


16 


Hardness, temporary ... 




. * 


11-5 


10-9 


„ permanent ... 




. . 


71 


71 


„ total ... •.. 




1 . . 


18-6 


18-0 



The fact that chemical analysis showed only a slight im- 
provement in the water after sand-filtration somewhat threw 
discredit upon sand-filters, and it is only within the last few 
years, since the methods of Koch and others drew the atten* 
tion of scientists to the bacteriological examination of water, 
that the remarkable efficiency attained by properly managed 
sand-filters in reducing the number of bacteria in water has 
been recognized. It was found that from 95 to 99 per cent, 
of the micro-organisms were removed by filtration from the 
London Water Company's supplies, reducing to a minimum 
the risk of pathogenic or disease-forming bacteria passing 
through the filters to the consumer. Dr. Percy Frankland 
has found that the water supplied to London after filtration 
contains less bacteria than many lake waters, a comparison 
of which is given as follows : — 

New Eiver (London), 38 colonies from 1 c.c. of water. 

Grand Junction (London), 47 colonies from 1 c.c. of 
water. 

Loch Katrine (Glasgow), 74 colonies from 1 c.c. of water. 

Loch Lintrathen (Dundee), 161 colonies from 1 c.c. of 
water. 

Lake Lucerne (Switzerland), 50 colonies from 1 c.c. of 
water. 

Lake Geneva (Switzerland), 38 colonies from 1 c.c. of 
water. 

Lake Constance (Switzerland), 58 colonies from 1 c.c. of 
water. 
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It would therefore appear that too mnch importance must 
not be attached to the number of bacteria present in drinking 
water, within certain limits, provided they are not of a 
pathogenic nature. The varieties of bacteria are very- 
numerous, but most of these, with the exception of probably 
a few species, are beneficial rather than otherwise. Amongst 
the pathogenic bacteria that have been detected in water are 
the bacilli of tetanus, anthrax, typhoid, and the cholera 
spirillum. The advantages of sand filtration were strikingly 
illustrated at Hamburg and Altona during the cholera 
epidemic in 1892. These cities derive their supply from 
the river Elbe, the former without filtration, and the latter 
at a point in the river below the outfall sewers of both cities, 
but properly filtered, with the result that the relative pro- 
portion of cholera cases per 10,000 inhabitants was : Ham- 
burg 290, and Altona 40 (of which many were imported 
cases). 

A fact, which is receiving much attention from biologists 
at the present time, is that a filter-bed does not reach its 
normal state of efficiency, or technically '^ become ripe," 
until it has been in use five or six days ; this is believed to 
be due to the formation on the surface of the sand of a 
gelatinous microbic tissue (zoogloea) produced by bacteria. 

In the design of filter-beds many engineers take advantage 
of the site when on sloping ground to place the beds at 
different levels ; others prefer to keep one level throughout 
by excavations and embankments. The area of each bed 
should be arranged so as to give an equal flow in the drains, 
but should not be excessive ; and the distance for wheeling 
when the sand is being removed should not be too great. 
The number of beds should be sufficient to permit of half of 
them being out of use for cleansing purposes, the supply 
being maintained through the others. It is found convenient 
and economical to arrange the sand-washing apparatus in 
the centre of a battery of filter-beds. In some cases the 
washing apparatus is fixed in the centre of the bed, as at 
Belfast, but this arrangement is not generally adopted ; 
another method, which is, without doubt, the proper one, is to 
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periodically reverse the filters and allov the water to flow 
apwards, and thus cany off the impurities throngh an over- 
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flow. Where this arrangement has been applied, the beds 
have attained their efficiency within tnenty-foai honrs. 
The basin of the filter-bed is either constmcted partly by 
means of ezearation and embankment, with a puddle-wall 




Flc. S8. 

lined with concrete (Fig. 36), or with concrete walls 
backed up with earth (Fig. 33b, Chap. XV.). The floor of 
the basin is formed so as to dip towards the ontlet of the 
filter, which commonicates with a valve well, &om which it 
is conveyed to a dear-water baeiu (Fig. 37). The centre 



or main drain in the filter-basin is conetrnoted of brick- 
work, concrete or perforated glazed pipes, and the side or 
arterial drains of perforated pipas or bricks laid dry with 
spaced joints (Figs. 38, 39, 40, 41). Ventilating pipes are 
carried up the elopes or side walls above the water-level 



ASSO 



from each of the arterial drains, and from 2 to 4 on the 
line of main drain. The inlet is arranged in various ways. 
Fig. 42 shows an arrangement that has been adopted with 
great succeso. 
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The bed is formed of a layer of stone broken to pass 
through a 3^inch. ring, bnt not through a 2^inch. ring, 
and from 2 feet to 3 feet in thickness ; this is succeeded by 
a layer of grayel 12 to 18 inches thick in two or three 




degrees of fineness, in some cases perforated tiles are used 
in preference; finally, the filtering medium of sand is 
spread oyer the whole of the supporting material (Fig. 46), 
the thickness varying at different works as shown in the 
following table : — 

Thickness of Sakd-filtbbs. 





Maximum. 
Ft. Ins. 


Minimum. 






Ft Ins. 


Chelsea, London ... 


• • • 


4 


6 


3 6 


West Middlesex, London 


3 


3 


2 6 


Southwark, London 


• • • 


3 





1 6 


Grand Junction, London 


2 





1 3 


Lambeth, London 




3 





2 6 


New Elver, London 




2 


3 


1 5 


East London, London 




2 





1 4 


Dublin 




2 


6 


1 


Bristol 




2 





1 


Malvem 




2 


6 


1 6 


Harrogate 




2 





1 


Paisley 




2 





1 


Barrow-in-Furness 




2 





1 


Ulverston 




2 





1 



Dr. Sims Woodhead, who has devoted considerable 
attention to the subject, suggests a minimnm thickness of 
3 feet. The sand for filtration shonld be hard and angular, 
and thoroughly washed, as well as the supporting material, 
before being deposited in the filter-basin. The rate of 
filtration should not exceed 5 inches per hour, or 2\ gallons 
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per hour per square foot. The mean rate of filtration in 
the London filters ia less than 2^ gallons per hour. The 




depth of water in a Slter-hed in this conntry is usually 
from 2 feet to 3 feet, and from 4 feet to 7 feet where 
exposed to very low temperature, unless the heds are 
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covered over. The process of cleansing the filter-bed, where 
downward pressure only can be resorted to, is to remove 
a thin layer of sand half an inch or more in thickness, 
containing the perceptible suspended matter, and, if the 
sand is costly and has to be washed again for future use, 
to deposit it near the sand-washing apparatus, otherwise it 
is removed into a waste heap. The surface thus bared by 
the above process is raked over with a long pronged rake 
on two or three occasions, allowing a few days to elapse 
between each operation to aerate the sand. 

The cost of constructing sand-filters per square yard 
varies from £1 to £4, according to circumstances, and the 
cost of filtration, exclusive of capital, is from 48, 6d. to 78, 
per million gallons. "Magnetic carbide," spongy iron, 
" polarite," and other media have been applied with bene- 
ficial results to the treatment of impure waters, producing 
a bright and pure effluent ; and, in fact, with river waters 
the results fally justify the increased expenditure through 
their use. Mechanical filters, such as Dr. Anderson's 
Revolving Cylinders, containing oxide of iron, in a few 
cases where they have been employed, as at Hamburg, 
have given satisfactory results. 
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CHAPTER XVIL 

PIPES. 

Wateb is conyeyed in the yarions stages from Uie source 
to the consumer by means of open channels, tunnels, and 
culyerts, or by pipes of cast- or wrought-iron, steel, lead, 
clay, and wood. Where the water is conveyed under 
pressure, pipes must be used, and they are generally more 
conyenient and economical in construction. The thickness 
of the shell of the pipe and the form of joint depend upon 
the material employed, the capacity, and the pressure it 
will be required to withstand. In calculating the thickness 
of the shell, su£&cient allowance must be made for imperfect 
workmanship, shocks in handling and laying in the trenches, 
also the weight of the superincumbent earth, and the traffic 
they will have to support, as well as the great strain 
which may come upon them on account of the sudden 
opening or closing of yalves. 

The bursting strength of pipes is found by the following 
formnlaB : — 

1. p = 8 X hyp log R 

hyp log E 
3. Hyp log E = ^ 

Where p = the internal pressure in tons per square inch. 
„ 8 =: the maximum tensile stress in tons per 

square inch — 7 tons being usually adopted 

as the value for cast-iron. 
„ R = the ratio of the outside diameter to the 

inside diameter. 
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A high factor of safety mnst be used to adequately allow 
for the strains imposed on the metaL Empirical formnlsd 
based on practice are found to be more convenient for the 
purpose of determining the thickness of metal. These 
formnlsD are nnmerons and widely divergent in their results, 
but the following, suggested by the late Mr. J. La Trobe 
Bateman, has been found to work well in practice: — 

< = .25 + ^ 

^9600 

Where t = the thickness of the pipe in inches. 

,, H = the head of pressure in feet of water. 

„ (2 = the inside diameter of the pipe in inches. 
The following table for cast-iron pipes has been calculated 
from this formula for a head of 300 feet of water pressure : — 



I 



InB. 
2 

2i 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 









Feet. 
6 
6 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 



Thickness of metaL 



1^ 



-88 



•31 

•83 

•35 

•375 

•41 

•45 

•47 

•50 

•53 

•56 

•59 

•62 



-8« 






I 
i 

f 

ft 



M 



If 

-s 



cwts. 
•418 
•625 
1*06 
1-38 
2-01 
2-38 
3-17 
3-59 
4-55 
503 
5-51 
6-69 



PQ 



lbs. 
490O 
3920 
3920 
2940 
2744 
2290 
2240 
1960 
1960 
1764 
1604 
1633 



« II . 

1^ 



38 
30 
30 
23 
21 
18 
17 
15 
15 
14 
12 
13 









lbs. 

1-4 

1-6 

2-3 

4-0 

5-0 

6-5 

7-7 

8-2 

10-4 

11-5 

13-5 

18-0 



As absolute correctness cannot for practical reasons be 
obtained, it is usual to allow a deviation of 3 per cent, in 
the calculated weights. 

Oast-iron pipes are connected by means of flange-joints 
bolted together, by spigot and socket joints run solid with 
lead, etc., or the spigot is turned and the socket bored out to 
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receiye it. The flange-joint (Fig. 43) is stronger than either 
of the latter, bnt is more costly, and is rarely nsed when the 
pipes are laid horizontally in trenches, except for high 
pressures. It is chiefly used where the pipes are £xed 





Fig. 43. 



Fig. 44. 



vertically for standpipes, etc. The faces are machined and 
jointed together with red-lead or with packing-rings made 
of lead, rubber, or other material. 

The proportions of cast-iron flange-pipes are given in the 
following table : — 



Diameter 
of pipes. 


Diameter 
of flange. 


Centre to 

centre of 

holes. 


Thickness 
of flange. 


No. of 

bolts in 

flange. 


1 

Diameter 
of bolts. 


Inches. 


Inches. 


Inches. 


Inch. 




Inch. 


2 


6 


4i 


i 


4 


\ 


2i 


6i 


5» 


i 


4 


h 


3 


7 


5| 


\% 


4 


^8 


4 


8J 


6f 




4 


t's 


5 


92 


8 


2 . 


6 


1 


6 


11 


9i 


2 


6 


t 


7 


12J 


m 




6 


i 


8 


13i 


nj 




6 


f 


9 


15 


12{ 




8 


i 


10 


16 


Y6\ 


.? 


8 


i 


11 


\1\ 


15 


8 


f 


12 


18J 


16 


14 


10 


f 



Spigot and socket joints with lead, rust, rubber, or turned 
and bored joints take seyeral forms. Fig. 44 is the joint 
adopted in the Tansa new works for supplying Bombay. 
Figs. 45a, 45b are frequently used, the former having the 
advantage of preventing blown joints, owing to the resistance 
offered by the bead on the spigot and the recess in the 
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Bocket. The Booket space for jointittg sboald not esoeed 
\ iuoh in tbioknesB in pipes ap to 3 inches diameter, -^ 
iucli from 3 to 8 inches diameter, and | inch from 8 to 12 
inches diameter. Bust joints are rarely adopted for water- 
works, and when ased under special circumstances they do 
not differ from the forms ahowc for lead. They are made 
by forcing a mixture of iron borings or tnmings and sal- 
ammoniac into the space between the socket and the spigot. 




Enbber joints (Fig. 46), known as Forster's patent, are 
largely used in the north of England. Two beads are cast 
on the spigot end, between which one or moro circular 
rubber rings are placed and then driren into the socket. 
Tnmed and bored joints (Fig. 47) have been extensively 
used in the north of England and abroad, bnt only in a few 
instances in the sonth of England. Pipes jointed thus must 




be laid in straight lines, with expansion joints or ordinary 
spigot and socket lead joints every tenth pipe, to allow for 
the variations in temperature. The half turned and bored 
is generally nsed, bo that lead may be inserted if deemed 
necessary. The taper of the machined portion should not 
be more than 1 in 32, and the width should not exceed 1 
inob. An increased width causes greater rigidity, rendering 
the work more liable to fracture by the traffic and super- 
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incambent earth. Cast-iron pipes should be made from the 
grey variety, of good tongh quality, which should be re- 
melted in a cupola before running. The increase in 
strength and density caused by re-melting is strikingly 
illustrated by the results recorded by Sir Frederick Bram- 
well with Acadian cold-blast iron, as follows : — 



Tensile strength per 
Samples. square inch. 

J Su sauipiGS ••• ... ••• *•• *•• 
2Dd „ after 2 hours longer fusion... 
orci „ ,, If ,) yj ... 
4th „ re-melted with fresh pigs ... 
5th „ after 4 hours longer fusion ... 
Maximum of 5th samples 



7*5 tons. 

8-3 „ 
10-8 „ 
110 „ 
18-5 „ 
19-6 



♦» 



the tensile strength being increased 150 per cent, by eight 
hours of continued fusion. A clause should be inserted in 
a specification for cast-iron pipes, providing that a test-bar, 
cast from time to time, shall, when placed edgeways on 
bearings 36 inches apart, support a certain weight. 

Test-bars 1 inch x 2 inches in section and 3 foot 6 inches 
long should be capable of supporting a weight of 30 cwts. 
gradually applied at the middle of the bar. 

Pipes should be cast socket downwards in dry sand- 
moulds, and rim, as quickly and equally as possible, in one 
operation, so as to avoid a " cold shut." Pipes 4 inches and 
upwards in diameter should be cast vertically ; under 4 inch, 
at an angle of 45^. The strength at the spigot-end is 
increased by casting a head or additional 6 inches or more 
beyond the finished length of the pipe, which is afterwards 
cut off in the lathe. The head has the effect of compressing 
the metal, and permits the ash and bubbles to rise into and 
be removed with it. The pipes should be straight, 
cylindrical, and free from chaplets, core nails, and other 
imperfections, and the metal should be of uniform thickness 
throughout. The consecutive number, year, and maker's 
name should be cast on each pipe, the numbers on rejected 
pipes being disfigured by a chisel-cut, and no number of a 
rejected pipe must be replaced. 
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PIPES— continued. 

The pipes, after being cleaned, are stmck all round with a 
light hammer, and, if sound, are placed in the testing machine 
(Fig. 48) and tested by oil or water ; the former is perhaps 
better for the iron-work, but is more costly, and the benefits 
derived therefrom small. Gaskets or steel rings wrapped 
with yam are hung at each end of the pix>e, to form a join, 
with 'the iron plates, one of which (a) is fixed, and the other 
(h) moyable, the latter being driven forward by a screw and 




Pig. 48. 

gearing worked by hand. The screw-plate has an air-pipe 
(c) cast in it, through which the air escapes, as the water, 
flowing in, fills the pipe under test. When the water flows 
full-bore through the air-pipe, showing that the air has 
escaped, the valve is closed and the screw-plate tightened 
up, the pump having been started just before. The pressure- 
gauge, which should be placed in a conspicuous position, 
records the rise of pressure. Attention must be given during 
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the whole of the testing operation to the behavioar of the 
pipe. When the testing limit is reached, a valye between 
fche pump and the testing-machine is closed, shutting off the 
connection with the pump and allowing the pipe to remain 
under the specified pressure while it is examined and struck 
with a hammer. During this period the gauge should remain 
stationary, unless there is a loss from leakage, which must 
at once be stopped and the test re-started. After being tested 
for pressure, the pipe is tested for thickness and uniformity 
of metal by means of calipers and a disc (Fig. 49). The 
examination being satisfactory, the pipe is conveyed to a 
heating-stove and raised to a temperature of 400° Fahr., 




• 



12 c 




Fig. 49. 

previous to dipping it in what is termed Dr. Angus Smith's 
composition, consisting of pitch, asphalt, resin, and linseed 
oil at a temperature of 300° Fahr. The pipe is then ready 
for delivery on the site of the works. The pipes are lowered 
into the trench prepared for them, either by hand by means 
of rope, or by a block-and-tackle arrangement attached to 
tripod legs. The trench is sufSciently enlarged at the 
junctions of the pipes, so as to admit of the jointing material 
being properly filled, caulked, and examined. Each pipe is 
struck with a hammer for soundness, and the spigot end 
carefully driven up into the socket of the preceding pipe, 
after which it is ranged in line and set at the required level, 
attention being paid to the even thickness of the joint. The 
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lead joint is made by driving a gasket of strip lead or a few 
coils of yam into the space between the spigot and the 
socket by means of a yaming-iron (Fig. 50, a). The former 
method is coming into general use, and is preferable on 
sanitary grounds, as the yarn becomes a nest for bacteria. 
The gasket having been driven tightly up to the back of the 
socket, the joint is ready for the clay luting, which is placed 
around the lead space at the face of the socket, with a lip 
at the top to receive the molten lead. Care must be taken 
to remove the dross before running the molten lead,, which 
must in all cases be done in one operation, so as to ensure 
a solid joint throughout. The lead'having become solidified, 
the clay luting is removed, the surplus lead at the lip cut 
off, and the joint set up at least \ inch within the socket by 

means of caulking-tools 
^7 /^ (Fig. 50, h). After each 

joint is completed the pipe 
^ should be examined inside 

to see if any lead has run 
through from careless yarn- 
ing, so that it may be re- 
moved. The joints of turned 
Fig. 50. and bored pipes are made 

by painting the machined 
portion with thin red lead or liquid Portland Cement. The 
spigot is then placed within the socket and driven up with 
a wooden maul. The labour entailed in laying this class of 
pipes is small, and the general experience where they have 
been adopted is that they are quite equal to lead joints except 
for turning curves, where the lead joint may be utilized as 
well as for expansion purposes already referred to. Wrought- 
iron or steel pipes are largely used in the smaller sizes for 
connecting services in the place of lead pipes, where the water 
is of such a nature as to attack the lead and produce lead- 
poisoning. The pipes consist of strips of metal either 
welded or solid drawn, with screwed socket-joints ; they are 
usually galvanized, and can be manufactured to suit any 
pressure required. Wrought-iron tubes are made in lengths 
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usually not exceeding 14 feet, but can be obtained up to 20 
feet in length if necessary. They are made in three qualities 
— ^gas, water, and steam — the steam-tubes being two gauges, 
and the water-tubes one gauge thicker than the gas-tubes. 

The following table give the results of Messrs. J. Eussel's 
experiments with wrought-iron solid-drawn tubes, according 
to Mr. D. K. Clark. 



i 


Thickness. 


1 

9 
-a 


Bursting pressure. 


Collapsing 
pressure. 


Difference between 

bursting and 
collapsing pressure. 


•3 
-2 


Per sq. in. 
of surface. 


Persq. in. 
of section 
of metal. 


Per sq. In. 
of section. 


Per sq. In. 
of section 
of metaL 


Inches. 
3i 


B.W.G. 
10 


Inches. 
•134 


Inches. 
2-982 


lbs. 
4800 


Tons. 
23-84 


lbs. 
3300 


Tons. 
17-86 


Tons. 
5-98 


3i 


10 


•134 


2-857 


4500 


21-42 


3150 


16-40 


502 


3 


11 


•120 


2-760 


4500 


2310 


3500 


19-53 


3-57 


2i 


11 


•120 


2-510 


5200 


24-28 


3500 


17-89 


6-39 


2i 


11 


•120 


2^260 


5000 


21-02 


3600 


16-74 


4-28 


2J 


11 


•120 


2010 


5900 


22^06 


4500 


18-82 


324 


2 


12 


•109 


1^782 


5900 


21-53 


4900 


20-07 


1-46 


H 


12 


•109 


1532 


5600 


17^57 


4000 


14-33 


324 



The greater tensile strength of wrought-iron and steel, 
and their lightness compared with cast-iron, give them 
great advantages oyer the last metal in such cases where 
weight and strength are the main objects, although for 
cheapness and convenience in casting, as well as the greater 
thickness for corrosion, it is doubtful whether wrought- 
iron or steel will replace cast-iron in the manufacture of 
pipes. The action of the Bradford Corporation, in adopting 
them in their new works, may lead to their more general 
use for large mains in somewhat inaccessible districtSi 
where the question of weight is a sc^rious one. 
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Lead pipes are of almost nniyersal application for seryice 
connections and interior fittings, on acconnt of the facility 
with which they can be bent to snit the irregnlarities of 
stmctnre, and it is a matter of importance that they should 
be of good quality and of sufficient strength for the purpose. 
The following table gives the sizes of pipe usually 
specified for service connections : — 

^ inch diameter 6 lbs. per yard. 
\ inch „ 9 lbs. 

1 inch „ 12 lbs. 
l^'inch „ 16 lbs. 

Any of these pipes would stand a pressure of 500 feet 
head of water. Several methods have been proposed for pre- 
venting the solvent action of some waters upon the lead, one 
of which is to line the interior of the pipe with block tin ; 
but none of the many proposals have been largely adopted. 

Clay pipes are frequently used for conveying water in col- 
lecting-drains and other situations where there is no head of 
pressure on the pipes. The joints are either left dry or 
filled with Portland cement, as the circumstances require. 

The following table of the dimensions of clay pipes was 
adopted by Mr. Baldwin Latham for the Bideford Water- 
works : — 



1 


Stoneware. 


Fireclay. 


Other clays. 
Thickness. 


•s 
t 


> 

a 

1 


^ 

e 


m 

1 


1 


a 

r 




Inches. 
2 
3 

6 

9 
10 
12 
15 
18 


Inches. 

i 

A 
1 

li 
1, 


Feet. 

2 
2 
2 
2 
2 
2 
2 
2to3 


Inches. 

If 

11 


Feet. 

2 

2 

2 

2 

2 

2 
2 to 3 
2to3 


Inches. 

A 

i 
i 

1 

1} 
21 


Inches. 

1 
1 
1 
2 

2 

21 

2J 



PIPES. 



133 



When extensive works are being carried ont it is 
customary to appoint an inspector to be present daring the 
entire operations of casting and testing at the foundry. 
This entails a considerable expense which cannot be borne 
by a small undertaking. As the pipes are liable to suffer 
from shocks and concussions from rough handling and other 
causes in transit from the foundry to the site of operations, 
as well as from injuries in the course of jointing and lower- 
ing into the trenches, such inspection alone is not always 
satisfactory. In support of this view the experience 
recorded in connection with the waterworks construction at 
Market Harborough by Mr. H. G. Coales, A.M.LC.E., 
may be instanced. The pipes were cast and tested at the 
foundry under the superyision of an inspector, the tests 
being conducted in accordance with the following 
schedule : — 



Diameter 
of pipe. 


Thiclmess 
of pipe. 


Inches. 
10 


Inches. 

i 


8 


i 


7 


^ 


6 


A 


4 


» 


2 


A 



Proof pressure 

equal to a colunia 

of water. 



Feet. 
450 

450 

800 

450 

500 

500 




Maximum pressure 

in feet to which pipe 

wiU be suhijected 

in work. 



205 
205 
20 
205 
215 
210 



The pipes being struck with a hammer in all their parts 
whilst under pressure. Test-bars of the metal actually 
used were also carefully proved. 

The whole of the system, comprising 8^ miles of 10-inch, 
65 yards of 8-inch, 2 miles 1410 yards of 6-inch, 5 miles 
850 yards of 4-inch, and 1380 yards of 72-inch pipes, were 
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Bnbseqnently tested in sections in the trencHes by hydro- 
static pressure to 50 lbs. per square inch above the working 
pressure. The following is a list of the rejected pipes 
resulting from this second test — 

460 10-inch pipes 
89 6-inch „ 
97 4-inch „ 
10 2-inch „ 
weighing about 141^ tons, or over 8 per cent, of the weight 
delivered. 

To enable the process of testing in the trenches to be 
conducted economically, the pipes should be laid from the 
reservoir towards the site of distribution, so that the water 
may follow the work, and the cost saved of filling the 
sections to be tested by water-carts. 

The method of testing is as follows. The terminal pipe 
is closed by means of a blank socket, drilled and tapped to 
receive the connection-pipe from the pressure-pump. The 
connecting-pipe may consist either of a short length of 
strong hose — which is undoubtedly the most convenient — 
or of wrought-iron tube with proper bends. In either case 
the connection with the pump should be made by means of 
a screw-union, so that the machine can be easily discon- 
nected. The pump usually consists of a small pressure- 
pump, similar to that used for testing boilers, mounted 
over a tank or reservoir, which is frequently placed on 
wheels. A water pressure-gauge, showing the pressure in 
feet of water and in lbs. per square inch, is attached where 
it can be easily seen, also a safety-valve, and valve for 
lowering the pressure. 

The section of pipe to be tested is then slowly charged 
with water by opening the sluice-valves between it and 
the reservoir, the air in the pipes being got rid of by 
means of the air- valves and ball-hydrants (if any) on the 
section. It is well to open the valve for lowering the 
pressure, above referred to, and to allow the escaping 
water to carry the air with it. The importance 6f getting 
rid of as much air as possible is great, both on account of 
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the time and labour saved in getting up the pressure, as 
well as the danger from flying pieces of pipe, etc., were a 
burst to take place. In a small waterworks now being 
carried out the two following tests were made : — 

1. Length of section, 420 yards; diameter of pipes, 3 
inches; pressure attained, 230 lbs. per square inch. Time, 
10 hours. 

2. Length of sectioui 250 yards; diameter of pipes, 2 
inches ; pressure attained, 230 lbs. per square inch. Time, 
3 minutes. 

Li the former case the line of pipes was undulating, and 
the air lodged in the high points. In the latter case the 
pipes were laid at a uniform slope. Having dislodged as 
much air as possible, the valve for lowering the pressure- 
and the nearest sluice-valve should be tightly closed and 
pumping commenced. The pump-tank is kept constantly 
filled by means of a water-cart or by buckets, the quantity 
of water required depending upon the amount of air in the 
pipes and the number and extent of leakages. 

The line of pipes should be carefully examined while the 
pressure is rising, and pegs driven or marks made at any 
sign of faUure. When the pressure has risen, as shown by 
the gauge, to the proof point, which should be at least double 
the working head, it should be kept there while the pipes 
are submitted to a close scrutiny. It must be noted if the 
needle remains steady when pumping ceases, or falls more 
or less rapidly. The behaviour of the needle under these 
circumstances greatly depends upon whether the instrument 
is situated at the highest or lowest level of the section under 
test. In the former case a slight leak will cause the needle 
to fall rapidly; in the latter the needle will be scarcely 
affected. 

No part of the trench jnudt of course have been filled in 
until the testing has been satisfactorily completed, and any 
water in the trenches must, if possible, be removed, other- 
wise the examination is bound to be imperfect. 

The most familiar failures are split or cracked pipes, 
honeycombed-sockets, pin-holes, blown core-nails, and 
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leaking joints. Eacli point of failure mnst be oarefally 
recorded by means of a peg or intelligible mark. The 
pressure is then lowered, defects made good, and the section 
re-tested. 

Fin-holes in otherwise sonnd pipes may be drilled, tapped, 
and plngged with brass or gun-metal plags, but only with 
the special permission of the engineer in each case. Weep- 
iiig joints may frequently be remedied by the application of 
the caulking-tool. Honeycombed or perforated sockets, or 
split pipes, must be cut out, and the line of pipe made good 
by means of a ^hort piece cut to the requisite length, and a 
thimble or sleeve. 

Corrosion or rusting of iron pipes, both externally and 
internally, is an element not to be lost sight of by the 
engineer. Externally it is caused either by the oxygen in 
the water attacking them where the pipes are laid in damp 
ground, or by the presence of corrosive substances in the 
soil, which occasionally occurs in the neighbourhood of 
chemical works, etc. The former, in the case of cast-iron 
pipes, may be neglected if they are properly protected by 
coating with Dr. Angus Smith's solution, on account of the 
comparatively great thickness of the shell ; the latter must 
be prevented, where necessary, by embedding the pipes in 
concrete. Internally, corrosion is caused by the oxygen in 
the water attacking the metal, and is usually more serious 
with soft than with hard water. The coating of the interior 
of the pipes with the protecting solution must be carefully 
attended to, and made a special point in their inspection. 
Even with the most careful coating corrosion is almost 
certain to occur, but the process will greatly delay it ; 
minute points are left unprotected, and corrosion will take 
place, gradually scaling off the intervening varnish where 
these points are close together. The danger of weakening 
the pipes is small, for the reason above stated ; but the real 
trouble lies in the contraction of the bore of the pipes caused 
by the nodules of rust (the rust does not form in even layers), 
which diminishes their discharging capacity and reduces the 
working head. Mr. Thomas Box (" Practical Hydraulics ") 
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records a case at Torquay where a main, about 14 miles 
long, composed of 14,267 yards of 10-inch, 10,085 yards of 
9-inch, and 170 yards of 8-inch pipe delivered only 317 
gallons per minnte, with 465 feet head, or only 50 per cent, 
of the theoretical discharge. The pipes were subjected to 
repeated scraping by means of scrapers worked through 
their entire length, the result of which was that the ex- 
perimental discharge was brought up to the theoretical. 

On account of corrosion, wrought-iron tubes for con- 
veying water should always be galvanized. In designing 
systems of pipes it is always advisable to increase the calcu- 
lated diameter so as to allow for corrosion. 

The following memoranda will be useful to the student 
when calculating the weight of pipes : — 

Wrought-iron, 1 cubic inch, 0*278 lbs. ; 1 cubic foot, 480 
lbs. 

Oast-iron, 1 cubic inch, 0*260 lbs. ; 1 cubic foot, 450 lbs. 

Steel, 1 cubic inch, 0*283 lbs. ; 1 cubic foot, 489*6 lbs. 

Lead, 1 cubic inch, 0*412 lbs. ; 1 cubic foot, 712 lbs. 

Oun-metal, 1 cubic inch, 0*304 lbs.; 1 cubic foot, 524 Ib^. 
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CHAPTER XIX. 

FIRE-SERVIOE, VALVES, AND METERS. 

The details necessary for the provision of an efficient fire- 
service too often receive bnt scanty attention in waterworks 
constmction, especially in niral districts. The advantages 
of having a powerfal stream of water, easily put into requi- 
sition, and capable of playing upon any portion of a 
building in a state of conflagration, are too great to need 
impressing upon the student. It is necessary, however, to 
point out that these facilities can frequently be attained at 
very little extra cost, if the necessary arrangements are 
included in the original design of the waterworks, whilst 
the . cost of their subsequent provision may be prohibitive. 
The principal points to be kept in view in making provision 
for fi:te-service are : — 

1. That there shall be' a surplus storage of water for Are 
extinction over and above that required for general purposes, 
and always available. 

2. Such storage to be at a sufficient elevation to allow of 
the water being forced above the tops of the highest build- 
ings in the district. 

3. The mains and distributing pipes to be of such dimen- 
sions as to allow of the water for fire extinction purposes 
being conveyed through them when the demand for water 
for other purposes is at its greatest. 

These requirements cannot always be secured in their 
entirety, but they indicate the lines which must be kept in 
view. The surplus storage is usually included in the 
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capacity of the service-reseryoir, and the amount to be 
allowed for must depend upon the special requirements of 
the district under consideration, as well as upon the means 
at the disposal of the engineer. 

Assume, for the sake of example, that on the grounds of 
probability and expediency, only one fire at the same time 
in the district is to be proYided for, that the probable time 
occupied in extinguishing the fire will be three hours, and 
that one jet, 50 feet high, will be required. Theoretically, 
the height of the water issuing vertically from a jet, should 
be equal to the head upon the jet, but the resistance of the 
air causes a considerable reduction. Experiments show 
that the difference between the theoretical height and the 
actual height attained by a jet of water varies approximately, 
directly as the square of the theoretical height, and inversely 
as the diameter of the jet. 

Mr. Box ("Practical Hydraulics") gives the following 
formula : — 

H? 

y = — X -0126 
a 

Where H = the head on the jet in feet. 

„ U = the difference between the height of the head 

and the height of the jet. 

„ d = diameter of the jet in ^ths of an inch. 

It is evident from the above relations that in order to 

obtain the best results from the available head, a jet of 

special diameter corresponding to that particular head must 

be used. Assuming an available head of 70 feet at the 

point imder consideration, then — 

A' = 70 - 60 

, Ha X -0125 „ 

d = prx = «J 

20 
or the proper diameter of jet to be used, under the circum- 
stances, is fths of an inch. The quantity of water discharged 
by a jet with a given head depends upon the form of the jet 
(see Ohap. X., gauging by means of an orifice), the best form 
being that which approaches most nearly to the vena 
contracta (Fig. 51). The discharge through this form of 
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jet inay be taken as *943 of the theoretical discharge due to 
the head. 
Applying this coefficient to the formnla — 

Q = 8-025 ca\/S 

Q = 8-025 X -943 X [(1)^ -4- 144 X '7854] X \/70 
= -04856 cnbic feet per second. 
= 18*21 gallons per minute. 
If the jet is required to play for 3 hours, then the quantity 
of water discharged will be 18-21 X 60 X 3 = 3277-8 
gallons. It would, therefore, be necessary to proyide surplus 
storage capacity in the service-reservoir for, say, 4000 
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Fig. 51. 

gallons; and the diameter of the mains and distributing 
pipes must be chosen so as to allow of an extra quantity, 
equal to 18*21 gallons per minute, being conveyed through 
them when the demand for water for other purposes is at 
its greatest. 

In order to render a fire-service efficient, it is necessary 
that a sufficient number of hydrants should be provided 
upon the system, the situations being selected with great 
care, so that each may yield the maximum of efficiency. 
They should be easily accessible, capable of rapid manipula- 
tion, not difficult to find in the dark, and so constructed as 
not to be affected by frost. 

In designing a waterworks system, the available head at 
any point is arrived at by deducting the loss of head due to 
friction in the pipes from the statical head at that point 
(Chap. XI.). It must be remembered that these results will 
only hold good provided the system is watertight, allowing 
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practicftllj no waste. Sii Frederick Bramwell, speaking of 
the eyils of waste, at a recent meeting of the Institution of 
Civil Engineers, ezponnded this point very clearly. 

^^ Another point was the diminution of the pressure in 
the pipes. It was impossible to obtain an extra amount of 
water through a given-sized main, except by haying a 
greater differential pressure between the entering end and 
the delivery end of the main. The entering end of the 
main was fixed by a reservoir or a stand-pipe level, or what- 
ever it might be, and the consequence was that the increase 
in the differential pressure must be obtained by diminishing 
the pressure at the delivery end. What was the result? 
Any hope of using the water for hydrant purposes, for ex- 
tinguishing fires, was gone: there was no pressure for 
that." 

The two principal types of hydrants or fire-cocks are the 
sluice-valve and the ball-hydrant. There are innumerable 
forms in the market, but they are all modifications or com- 
binations of these two types. The sluice-valve hydrant 
consists, as its name implies, of a sluice-valve connected 
with the main, with a bend attached to its outlet fitted at 
its upper end to receive a stand-pipe to which the hose is 
fixed. The stand-pipe is either fitted to the hydrant by a 
screw or bayonet-joint. The stand-pipe is sometimes a 
fixed pillar, which has the advantage of easier access at times 
of fire. The sluice-valve is the best form of hydrant, but 
entails a heavier first expense than the ball-hydrant. A 
frost-cock, which may be automatic, must be attached on 
the outlet side of the sluice-valves, for the purpose of 
removing the water which would otherwise remain in the 
bend (or pillar) after use. 

The ball-hydrant, patented by Messrs. Bateman and 
Moore, consists of a vulcanite ball contained in a valve-box ; 
the outlet to the box, which is vertically above the ball, and 
is fitted with a leather or indiarubber washer, being kept 
constantly closed while the water in the main is under 
pressure, by the ball, which is lighter than the water, being 
forced up against it. The stand-pipe is attached to the 
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hydrant by means of a bayonet-joint; and the valye is 
opened by depressing the ball by means of a spindle passing 
down through the stand-pipe and worked by a cratch-handle. 
Ball-hydrants are economical, and work exceedingly well 
with moderate heads. With low heads they are apt to 
leak, and with high heads the ball is liable to be forced out 
of shape, causing leakage when it takes a new bearing upon 
its seat. Another objection is caused by the suction into 
the main through the ball-hydrant, when the former is being 
emptied of any liquid matter, frequently of a filthy nature, 
which may be at the time in the hydrant-chamber. Ball- 
hydrants also act as air-yalves, but with very doubtful 
advantage, on account of the large orifices, which allow the 
air to escape so rapidly, while the main is being charged, 
as to endanger the pipes by shocks. - 

Air-valyes are used for the purpose of getting rid of the 
air which constantly accumulates at the highest points of 
undulations in the line of pipe, especially where such points 
are situated above the hydraulic mean gradient (see Ohap. 
XL). They are either automatic, in which case they are 
identical with the ball-hydrant, except that the aperture 
which serves for the escape of the air is much smaller {\ to 
•| inch in diameter); or they consist of small stop-cocks, 
opened and closed by hand. 

Sluice-valves vary little in form, and usually consist of a 
cast-iron body containing a movable diaphragm which slides 
vertically between grooves. The sliding faces, both of the 
body and of the movable valve, should be made of gun-metal, 
as well as the screw, which actuates the valve and the 
stuffing-box gland through which the screw works. It is 
best to obtain them with spigot and socket ends attached by 
means of bolts and nuts, so that they can be removed if 
necessary without cutting the pipes. Sluice-valves should 
be fixed at all branches in a waterworks system ; and the 
mains and branches should be divided up into easily worked 
sections by means of sluice-valves, so that each section may 
be isolated from the rest with a minimum of inconvenience 
to the consumers generally. Sluice-valves should be 
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plentiful OD all waterworks systems, and it is Mse economy 
to attempt to make a saving by reducing their number. 

Water-meters are inserted in a line of pipe for the purpose 
of measuring and registering the flow of water passing 
through them. There are two types — the positive and the 
inferential. The positive meter measures the flow of water 
by causing it to alternately All and empty a vessel of known 
capacity, the number of times that this process takes place 
being recorded by means of a clockwork mechanism. The 
positive meter is sub-divided into high and low-pressure 
meters — the Duncan, Kennedy, Frost, Schonheyder, Frager, 
and Kent meters representing the former; the Parkinson 
and Tylor representing the latter class. The inferential 
meter consists of a chamber through which the water flows, 
containing a wheel with vanes or discs attached. The water 
in passing impinges upon the vanes and causes the wheel 
to revolve, the revolutions being recorded as in the positive 
meter. The Siemens, Tylor, and Sporton meters are in- 
stances of this type. The mechanism of the positive meter 
is similar to that of the cylinder and slide-valve of a high- 
pressure steam-engine, while that of the inferential meter 
may be compared to a water-wheel or turbine. Messrs. 
Turner and Brightmore (" The Principles of Waterworks 
Engineering ") give the following essentials as characteristic 
of a perfect water-meter : — 

1. Accurate registration of the quantity of water passing 
through it, whether great or small. 

2. Ability to perform its work without causing a material 
loss of head in the supply-pipe. 

3. Cheapness and simplicity. 

4. Ease of attachment and repairs. 

5. Freedom from excessive wear of the working parts. 
Section 58 of the Public Health Act, 1875, empowers a 

Local Authority " to agree with any person to supply water 
by measure, and as to the payment to be made in the form 
of rent or otherwise for every meter provided by them." 
The question as to whether the supply of water for domestic 
use should be charged for by measure has been Uxgely 
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discnssed. There is a strong feeling against this method on 
sanitary grounds, so far as it applies to houses of low rental ; 
the ohjection raised against it being that water would be 
economized at the expense of cleanliness and health, in the 
very situations where these are of the greatest importance 
to the general community. Where the water is supplied 
for trade or manufacturing purposes the case is different, 
and, where it can be arranged, the sale should be by meter. 
This question is of the most importance where the water 
has to be pumped. 

Meters have not been largely introduced into rural 
districts, although they can be applied with great benefit to 
farm— especially dairy farm — supplies. In a dairy farm 
where the milk is refrigerated, the consumption of water for 
that purpose alone is frequently 1000 gallons a day. 

As the size of the pipe for conveying a supply of water 
to any premises frequently depends upon other considera- 
tions than its capacity for delivering that supply, it must 
not be taken as the gauge of the meter to be inserted on its 
line. The following table, which refers to Sieman's infe- 
rential meter, will be found useful in deciding upon the 
size of meter applicable in any particular case : — 



No. 


Inch. 


Delivery in gallons per hour. 


50 feet head. 


150 feet head. 


1 


1 


150 


250 


2 


\ 


300 


500 


3 


i 


600 


1,000 


4 


1 


1,500 


2,500 


5 


U 


2,200 


8,800 


6 


1* 


3,000 


5,000 


7 


2 


4,000 


7,000 


7J 


2* 


6,000 


10,000 


8 


3 


8,300 


14,000 


9 


4 


13,400 


23,000 


10 


5 


18,500 


32,000 


11 


6 


27,000 


46,000 


12 


8 


45,000 


77,000 


13 


10 


70,000 


120,000 


14 


12 


90,000 


154,000 
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It is always better to allow a safe margin in deciding 
npon the size of a meter. Where the water is expensive, 
either on acconnt of pnmping or where it is purchased by 
measnre by the undertakers in the first instance, it will be 
found a wise precaution to insert meters on all large con- 
nections as a check upon waste and undue consumption, 
where the consumer is not to be charged by measure. 
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CHAPTER XX. 

HOUSE CONNECTIONS AND FITTINGS. 

In order to secure satisfactory resnlts in a waterworks 
andertaking, it is necessary to keep a strict control over the 
connections that are made by consumers with the under- 
takers' pipes for the purpose of obtaining a supply of water 
for domestic or other purposes. Waste is the hete noire of 
the waterworks engineer, and experience has shown that its 
favourite lair is to be found in the communication-pipes, 
taps, cisterns, and overflow-pipes connected with house and 
trade supplies. 

As indicated in Chapter XIX., the difficulty where it 
applies to trade connections can be satisfactorily met by the 
insertion of water-meters, and by charging for the actual 
quantity of water delivered to the premises in question. 
When persons have to pay for water by meter, whether used 
or wasted, it becomes to their interest to detect the sources 
of waste; on the other hand, it is against the immediate 
interest of owners of house property to detect leakages or 
faulty fittings, which they would have to repair or replace 
at their own cost, without obtaining thereby any reduction 
in their water-rates. 

To enable a Local Authority, inter alia, to suppress waste, 
the Waterworks Clauses Act, 1863, and certain provisions 
of the Waterworks Clauses Act, 1847, were incorporated 
with the Public Health Act, 1875. These enactments 
afford very meagre powers to Local Authorities, so far as 
giving them any control over domestic services is concerned. 
It is customary for the undertakers, when seeking for a 
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special Act, to apply for extended powers. These powers, 
when obtained, are set forth in the form of <^ water regu- 
lations," to be considered in the next chapter. It may here 
be observed, parenthetically, that no provision is made in 
the Public Health Acts, empowering Local Authorities to 
make water regulations. 

The sections of the Waterworks Glauses Acts (1863, and 
part of 1847) directly or indirectly enabling Local Authori- 
ties to place some check upon the waste of water in domestic 
services are the following : — 

The Waterworks Clauses Act, 1847* 

Sec. 28 empowers the undertakers to break up streets, 
etc., for the purpose. of supplying water to the inhabitants 
of the district. 

Sec 44 requires the undertakers to lay down communi- 
cation-pipes and other necessary works to any dwelling- 
house (under £10 rental) situated in any street where they 
have laid pipes (1) either at the request of the owner, or 
(2) at the request of the occupier, and upon payment or 
tender of the proportion of water-rate in respect of such 
house by this or the special Act, made payable in advance. 
Such reasonable annual rent for such pipes to be charged 
as may be agreed upon, or as may be settled by two justices. 

Under these circumstances, the undertakers are enabled 
to employ efficient workmen and fix proper fittings. 

Sec. 48 empowers the owner or occupier, having paid or 
tendered to the imdertakers the portion of the water-rate as 
indicated in sec. 44, to open the ground and lay leaden or 
other communication-pipes between his premises and the 
undertakers' pipes, provided — 

1. That he has obtained the consent of the owner and 
occupier of the intervening ground ; 

2. That the pipes are of a strength and material to be 
approved by the undertakers ; 

3. That fourteen days' notice has been given to the 
undertakers. 
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Sec. 49 requires the owner or oocnpier to give two days' 
notice of day and hour wlien commnnication is intended to 
be made. Oommnnication to be made nnder snperinten- 
dence, and according to tbe directions of the nndertakers' 
surveyor, or other officer appointed, unless such surveyor or 
other officer fail to attend at the time mentioned in the 
notice. 

Sec. 50 enacts that the bore of such communication-pipe 
shall not exceed the prescribed limits ; or, if no limit has 
been prescribed, ^ inch, except with the consent of the 
undertakers. 

Sec. 52 gives owner or occupier the same privileges as 
ihe undertakers as to breaking up roads. 

It will be evident to the student, after a perusal of these 
sections, that the undertakers' control over a domestic supply 
is limited to the communication-pipe, and does not extend 
to the fittings. 

Sec. 54 applies only to intermittent systems, and enables 
the undertakers to require the consumer to provide a proper 
cistern, ball, and stop-cock, and to keep them in repair. It 
has been held that the undertakers cannot enforce the pro- 
vision of a valve instead of a plug-cock. 

Sec. 56 (in continuation of sec. 54) empowers the under- 
takers to repair such cistern, and to recover the expense. 

Sec. 57 gives power of entry to the surveyor or other 
person acting under the authority of the undertakers, for the 
purpose of detecting waste or misuse of water. 

Sees. 58 and 59 impose penalties on misappropriation of 
the water ; and 

Sec. 60 imposes a penalty upon any person who shall 
wilfully or carelessly break, injure, or open any lock, cock, 
valve, etc., the property of the undertakers. 

The Watkewoeks Clauses Act, 1863. 

Sec. 12. A supply of water for domestic purposes shall 
not include a supply of water for cattle, or for horses, or for 
washing carriages where . such horses or carriages are kept 
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for sale or hire by a common carrier, or a supply for any 
trade, manufacture, or business, or for watering gardens, or 
for fountains, or for any ornamental purpose. 

Water used for watering a borse and washing a carriage 
has, however, been held to be used for " domestic purposes " 
within the meaning of an enactment similar to the above 
section. Water used for a pleasure garden was held to be 
for a " domestic purpose." 

Sec. 14 gives the undertakers power to let meters, cisterns, 
pipes, etc., on hire. 

Sec. 16 empowers the undertakers to cut off the supply, 
if any of the provisions of the Act are contravened. 

Sec. 17 imposes a penalty upon the consumer for waste of 
water through non-repair of pipes, taps, etc. 

Sec. 18 imposes penalty upon misappropriation of the 
water. 

Sec. 19 imposes penalty upon any alteration to service as 
follows : ^' It shall not be lawful for the owner or occupier 
of any premises supplied with water by the undertakers, or 
any other person, to afi&z, or cause or permit to be affixed, 
any pipe or apparatus to a pipe belonging to the undertakers, 
or to a communication or service-pipe belonging to or used 
by such owner, occupier, consumer, or other person, or to 
make any alteration in any such communication or service- 
pipe, or in any apparatus connected therewith, without the 
consent, in every such case, of the undertakers." 

Sec. 20 imposes a penalty upon any person using the 
undertakers' water without agreement. 

The powers possessed by a Local Authority for the pre- 
vention or suppression of waste in domestic connections may 
be summarized as follows : — 

1. Where the dwelling-house is under £10 rental, and a 
request has been made by the owner or occupier for a supply 
of water, the Local Authority have control over workman- 
ship, materials, and choice of fittings. 

2. Where the owner or occupier makes his own connection, 
the Local Authority may superintend the communication or 
junction with their pipes ; in such case the communication 
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to be made under their direction. The' commnnication- 
pipes to be of a strength and material to be approved by the 
undertakers, the bore not to exceed the prescribed limit, or, 
if no limit, ^-inch. 

3. The Local Authority has power to enter any house sup- 
plied by them with water, between the hours of 9 a.m. and 
4 p.m., for the purpose of detecting waste or misuse of 
water. 

4. Where the supply is intermittent, the Local Authority 
may require the provision of a proper cistern to hold the 
water so supplied, with a ball and stop-cock in the pipe 
bringing the water from the works of the Local Authority 
to such cistern ; also to require that such cistern, etc., shall 
be kept in proper repair so as to prevent waste; also 
to, themselves, repair such cistern, etc., and recover the 
expense. 

5. Power to impose a penalty for waste of water through 
non-repair of pipes, etc. 

6. Power to impose a penalty for any alteration to service 
without the consent, in each case, of the Local Authority. 

7. Power to cut off the water if any of the provisions of 
the Act are contravened. 

These powers are utterly inadequate to the proper control 
over a waterworks, and as it is unusual for a.Local Authority 
(especially a Eural Authority) to go to the expense of a 
special Act, so-called *' Water Eegulations," which, however, 
cannot be legally enforced, are not infrequently formally 
passed and published by the Local Authority, and generally 
attain the required result. 

To meet the difficulty of not having sufficient control 
over domestic fittings, a system of testing and stamping 
was introduced in 1883 by Mr. Ernest Collins, M.I.C.E., 
the engineer to the New Eiver Company, London. 
Mr. Collins says, "The system then introduced has de- 
veloped extensively; and there has been a material im- 
provement in the quality of the fittings. Manufacturers 
who were at first antagonistic to the arrangements, have 
become strong supporters of the system, insomuch that the 
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ase of untested and unstamped fittings is, in the district of 
the company mentioned, almost the exception ; and where 
such fittings are used, they are invariably of the same 
strength and proportions, and in accordance with the regu- 
lations adopted by the company." 

The same system had been previously (1873) introduced 
at Liverpool, with the same object, by the engineer, Mr. G. 
F. Deacon, M.I.C.E. Of this system, Mr. Deacon says, 
"Very little dijfficulty was experienced. Naturally the 
plumbers at first rebelled, but in a short time they were 
glad to have their names put on the backs of the waste- 
water notices." 

Where new connections are to be made with the under- 
takers' pipes for domestic or other supply, it is now almost 
universally the practice for the undertakers to tap the 
main themselves, and lay, at their own expense, the com- 
munication-pipe to the fence or frontage wall (if there be 
ouq) forming the boundary of the street or highway in 
which their main is situated. At the termination of the 
pipe a stop-cock is fixed, to which the consumer attaches his 
own work. There has been much discussion as to the 
advisability or otherwise of the practice of fixing outside 
stop-cocks, but in a rural system, at any rate, there can be 
little doubt as to its usefulness. The principal advantages 
are (1) Facility with which water can be turned off by the 
undertakers in the case of waste, or when premises are un- 
occupied ; (2) Facility afforded for detecting waste in mains 
or connections. This stop-cock, and all other cocks or taps 
used throughout the premises, should be of the screw-down 
type. The following are the requirements of the New Eiver 
Company : " All taps must be fitted with loose valves ; and 
such valves must be lifted by the spindle, and must not be 
dependent upon the pressure of water for opening. They 
must be fitted with washers of oil-dressed leather, and for 
hot water with vegetable fibre of the best quality. Stop- 
taps must have set screws to secure flanges. The word 
' inlet ' must be distinctly marked on the inlet side of the 
tap. They must be made with screwed ends and unions. 
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Spindles mnst, in all cases, be of gnn-metal. All other 
parts may be of brass, of good snitable quality. Screw- 
down fittings mnst have four threads of spindle in the coyer 
when closed " (Fig. 62). 

It is essential that all overflow pipes from cisterns, baths, 
etc., be constructed as warning-pipes, the mouth of such 
warning-pipe to be conspicuously placed so that any waste 
cannot fail to draw immediate attention. On no account 
mnst any oyerflow be allowed to escape directly into any 
waste-pipe or drain. An important point is to see that all 
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Fig. 52. 



pipes are properly protected from the action of frost; This 
is rarely attended to, and consequently the waste during the 
winter months from burst pipes and taps, as well as the 
unnecessary expenditure of water caused by leaving taps 
running to prevent what should have been rendered 
impossible, is often enormous. 

Instead of making a separate connection for each house, 
where the houses are close together and are of small rental, 
it is usually the custom for the undertakers to erect stand- 
posts or pillars from which the inhabitants of the houses 
can obtain their supply. 
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To facilitate this practice sec. 9 of the Public Health 
(Water) Act, 1878, enacts as follows: — 

"Where a Enral Sanitary Authority have pijovided a 
stand-pipe for the supply of water to any portion of their 
district, they may recover water-rates or water-rents from 
the owner or occupier of every dwelling-house within 200 
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Fig. 53. 



feet of any such stand-pipe, in the same manner in all 
respects as if the supply had been given on the premises. 

" Provided that if any such dwelling-house has, within a 
reasonable distance, and from other sources, a supply of 
wholesome water sufficient for the consumption and use of the 
inmates of the house, no water-rate or water-rent shall be 
recoverable from the owner or occupier of the house unless 
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and nntil the water supplied by means of snch stand-pipes is 
nsed by the inmates of the house." 

Stand-pipes consist of a ^inch or f-inch pipe mnning np 
a post or convenient wall, terminating in a tap fixed at such 
a height as will easily allow of a pail or bucket being 
placed under it when being filled (Fig. 53). The pipe is 
protected from the frost by means of a wooden or iron 
casing — ^the space between the casing and the pipe being 
filled with saw-dust or other non-conducting substance. 
The stand-pipe frequently consists of a strong cast-iron 
hollow pillar, the foot of which is firmly bedded into the 




Fig. 54. 



ground, the water-pipe passing up the centre. The tap for 
drawing off the water may be either a screw-down valve- 
cock or a self-closing cock. The latter is sometimes 
unsatisfactory with very Jiigh pressures. A stop-cock 
should always be inserted between the main and the stand- 
pipe to cut off the supply when the latter is being repaired. 
A grating should be placed under the tap, with a drain to 
carry away the waste water. A small tap is frequently placed 
at the foot of the stand-pipe to act as a frost-cock ; the stop- 
cock is closed and the water in the stand-pipe emptied by 
allowing the water to flow away into the drain by means of 
the £rost-cock. 



HOUSE CONNECTIONS AND FITTINGS, 155 

Small connections are generally made with the mains by 
means of ferrules, which consist of small brass elbows, one 
end of which is screwed (Fig. 54) into a hole drilled and 
tapped into the top of the main ; the other end has a nnion 
for attaching to the lead or wrought-iron service-tube. 
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CHAPTER XXL 
WATERWORKS REGULATIONS 

In accordance witH the provisions of the Metropolis Water 
Act, 1871, a code of regulations was compiled by the Metro- 
politan Waterworks Companies and submitted to the Board 
of Trade. 

These suggested regulations were subjected to an ez- 
haustiye inquiry, and, as finally settled, have been circulated 
by the Local Goyemment Board for the information of 
Local Authorities who have obtained the necessary powers, 
and are preparing to submit regulations for confirmation. 
As it is customary for Local Authorities supplying water, 
and acting only under the provisions of the Public Health 
Acts, to issue a code of Waterworks Regulations, trusting to 
their moral suasion and to the popular ignorance of the law 
for their efficacy (a trust by no means unfounded), a brief 
commentary upon the regulations under the Metropolis 
Water Act, 1871, is given here. These regulations are by 
no means perfect, or are they fitted for all cases. In adapt- 
ing them for use in rural districts, latitude must be given 
to many of the provisions, care being taken that the main 
principles involved are not lost sight of. 

No. 1 gives the company power to determine the point at 
which the communication-pipe shall enter the premises to 
be supplied. 

No 2 requires that all lead pipes in direct communication 
with the company's system shall be uniform in thickness, 
and fixes the s^engths — the weight being taken as the 
guide* 
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Internal diameter 


Weight in lbs. 


Thickness in 
inches. , 


Safe head of 


in inches. 


Per yard. 


Per foot. 


water in feet. 


J= -375 


5 


1-67 


.1002 = A 


622 


J= -50 


6 


20 


•1873 = ^ 


460 


J= -625 


7J 


2-5 


•196 = ft 


385 


1= -75 


9 


3-0 


•202 = ft 


330 


1 = 10 


12 


40 


•212 = ft 


260 


IJ = 1-25 


16 


53 


•230 = \ 


226 



The weight is calcnlated on a basis of 712 lbs. to the 
cubic foot, and the strength upon a mean ultimate cohesion 
of 2000 lbs. per square inch, allowing a factor of safety 
of 7*. 

The weights adopted by various water companies, as might 
be expected, vary considerably, on account of the different 
pressures to which the pipes will be subjected. 

The following are the weights, per lineal yard in lbs., 
required by various companies : — 



Name of company. 




Internal diameter of pipe in inches. 






fin. 


iin. 


iin. 


iin. 


Iin. 


Uin. 


London Companiea 


5 


6 


7i 


9 


12 


16 


J^CIll! ... ... .•• 




5 


7 


9 


12 




West Surrey 


4 


5i 




9 


14 


20 


Gaterbam ... 


5 


6 


8 


10 


14 




Colne Valley 


5 


7 


9 


11 


16 


— 


Seyenoaks and Tonbridge 


— 


5 


7 


9 


12 


15 


Norwiob ... 


5 


7 


9 


11 


16 


22^ 


Sbeffield ... 


5 


7 


9 


11 


16 


22^ 


Market Harborougb 


5 


6 


n 


11 


16 


20 


Glasgow (Loch Katrine) 


" 


7 




10 


14 


18 



No. 3 allows the consumer the option of lead, copper, or 
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wronght-iron, for internal pipes, except when in contact 
with the ground, when the company may insist on lead 
being nsed. 

No. 4 limits the consumer to one commnnication-pipe. 
This is an important regulation. 

No. 5 requires each house supplied by the company to 
have its own commnnication-pipe, except in the case of a 
block of buildings belonging to one owner, who pays the 
water-rates for them. 

It frequently happens in rural districts that the under- 
takers are asked to allow a communication-pipe to a property 
to be tapped for the benefit of another property (the respec- 
tive owners having agreed between themselves). This 
should never be permitted. 

No. 6 prohibits any communication between the pipes or 
fittings of any two premises, except in the case provided for 
in the last regulation. 

No. 7 provides that the connection of the communication- 
pipe with the company's pipes shall be made by the com- 
pany at the cost of the consumer, the connection to be made 
by means of a " sound and suitable brass-screwed ferrule or 
stop-cock with union," having a clear waterway of not less 
than that of a ^inch pipe. 

No. 8 requires that every pipe external to the house, 
including the portions of pipes laid in external walls, 
shall be of lead ; the joints to be " plumbing " or " wiped " 
joints. 

No. 9 guards against possible pollution to the water in 
the consumer's pipes, and thence to the water in the 
company's pipes, from the consumer's pipes being "laid 
or fixed through, in, or into " any drain, ashpit, etc. Where 
such drain, ashpit, etc., is in the unavoidable coiyrse of the 
pipe, the pipe must be protected by passing it through a 
cast-iron pipe or jacket of sufficient length and strength 
and of proper construction. When the water is turned oflf 
from any part of the system a partial vacuum is formed, 
and any liquid matter in proximity to a faulty pipe or 
leaking joint would be sucked into the pipe, and might 
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be the cause of disseminatian of disease throngHont the 
whole system. 

No. 10 requires that all pipes laid in open ground shall 
be laid at a depth of at least 2 feet 6 inches below the 
surface, and provides for proper protection against frost 
in exposed situations. A depth of 2 feet is frequently 
inserted in waterworks regulations, which is probably 
ample in this country. 

No. 11 prohibits any communication between the pipes 
and any receptacles for rain-water. ^ 

No. 12 provides for the insertion of a " sound and suitable 
screw-down stop-valve," either at or near the point of 
entrance of the communication-pipe into the premises, or 
within the premises, at the option of the consumer. If 
placed in the ground, such stop-valve to be protected with 
a proper cover and guard-box. 

For the reasons stated in Chap. XX., it is bettor to 
have the stop-cock fixed outside, so as to be under the 
immediate control of the undertakers. The principal 
objection, from the consumer's point of view, is that it 
is less accessible in case of burst pipes or other accidents, 
and entails the use of a loose key, which is liable to be 
mislaid. 

No. 13 deals with cisterns, requiring that they shall be 
made water-tight, properly covered, placed in such a position 
that they can be easily inspected and cleansed, and that 
each cistern shall be provided with a sound and suitable 
" ball-tap " of the valve kind. 

It Is evident that if a cistern which is filled automatically 
is unsound, the waste of water must be constant. The 
provisions as to covering and cleansing allude to the pos- 
sibility of pollution in a similar manner to that explained 
in connection with regulation No. 9. 

No. 14 prohibits the use of overflow or waste-pipes other 
than " warning-pipes," to cisterns ; and 

No. 15 requires that all "warning-pipes" shall discharge 
at such a point that any flow may be readily ascertained 
by the officers of the company. The position of such 
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''waniing-pipes" not to be altered without due notioe to 
and the approval of the company. 

These regnlations are of the greatest importance, and 
should be strictly enforced. The old practice of allowing 
overflow pipes to empty directly into the drains was a 
prolific source of waste. In the case of the ball-tap being 
out of order, the waste might continue for months without 
being detected. With a " warning-pipe," which consists of 
a short pipe passing directly through the wall into the air, 
with an open mouth, the case is different; any waste is 
speedily detected, and the inconvenience caused by a con- 
stant stream of water flowing down the face of the wall 
of the house, causes the occupier to take prompt steps to 
remedy the defect. 

No. 16 prohibits the use of buried or excavated cisterns. 
Waste from such cisterns would not only be non-apparent, 
but would be difficult of detection. 

No. 17 forbids the use of wooden receptacles not having 
proper metallic linings, e,g. water-butts. This regulation 
has the double object of preventing waste and avoiding 
pollution. 

No. 18 requires the use of sound and suitable draw-taps, 
which must be of the " screw-down " kind. 

Draw taps are divided into two classes, "plug-taps" 
and " screw-down " taps. In plug-taps the spindle or plug 
simply revolves in the tap, without rising or falling; a 
horizontal hole through the plug being made to connect 
or disconnect the inlet and the outlet to the tap by revolving 
the plug. This form of tap has no washer. The objections 
to the plug-tap are twofold, the most important being the 
sudden check which is given to the momentum of the body 
of water behind it, when the tap is closed. An illustration 
of the enormous strain upon a system caused by the use of 
plug-taps is attributed to Mr. A. E. Binnie {Builder, July 7, 
1894, p. 3). In this experiment the pressure on a |-inch 
pipe, 114 feet long, and branching off a supply main, and 
furnished at the end with a plug-cock measuring 0*152 of 
on inch^ was at the branch 120 lbs., and at the open cock 
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itself 20 lbs. On the cock being shut qnickly, those 
pressures were for .the moment found increased to 220 lbs. 
at the branch, and 550 lbs. at the cock. The second 
objection to the plug-tap is its liability to leak, on account 
of the rapid wear, necessitating the plug being ground, 
which can only be done by a mechanic. 

" Screw-down " taps (Fig. 52, Chap. XX.) have a screwed 
spindle, at the lower end of which is a washer, which, when 
forced against its seat by turning the spindle, closes the 
inlet to the tap. When a tap of this kind commences 
leaking, the old washer should be removed and a new one 
put in its place. This process is very simple and inex- 
pensive, and can be performed by any intelligent person. 
The washers consist of leather, except for hot water, when 
vegetable fibre should be used. A tap invented by Lord 
Kelvin has been introduced within the last few years, in 
which the washer is constructed of gun-metAl, and revolves 
upon its seat. In its earlier form it was not found to work 
satisfactorily under high pressure, but it has recently been 
much improved. 

No. 19 refers to taps for " stand-pipes," and requires that 
they shall be of the " waste-preventer " kind, and be pro- 
tected from injury by frost, theft, or mischief. With low- 
pressures automatically closing taps may be employed, but 
under high pressures they are rarely free from leakage. 
They are, in nearly all cases, open to the same objections as 
plug-taps. 

No. 20 requires boilers, urinals, and water-closets to be 
served only through a cistern or service-box, and forbids 
the use of stool-cocks, or any direct communication between 
the company's pipes and such apparatus. 

No. 21 requires the cistern supplying a "water-closet" 
to be fitted with a " waste-preventing " apparatus, capable 
of discharging not more than 2 gallons at each flush. 

The desirability of altering this regulation being brought 
before the Local Government Board by several of the 
metropolitan sanitary authorities, the matter was referred 
to the London County Council, who again applied to the 
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Sanitary Institute for an opinion upon the snbjeci After 
much consideration and experiment, the Sanitary Institute 
reported as follows : — 

" That Clanse 21 of the Begulations under the Metropolis 
Water Act, 1871, should be altered to read, ' so constructed 
as to discharge not less than 3 nor more than 3^ gallons of 
water at each flush.' " 

The Local Goyemment Board has, however, pointed out 
that such a recommendation was not within the purport of 
the Begulations referred to, which have for their object the 
preyention of waste, misuse, or contamination of water. 
The London County Council haye agreed to make appli- 
cation to the water companies to amend the Begulations in 
Uie direction desired. 

An unnecessary use of water is caused when water-closets 
adapted for use as urinals are fitted with waste-preventing 
cisterns discharging 2 gallons of water at each flush. For 
the latter use a much smaller flush would suffice, but there 
is no means of reducing the flush on such occasions. 

No. 22 is similar to the last, and refers to urinals, but 
fixes the maximum flush at 2 gallons instead of 1 gallon. 

No. 23 requires the " down-pipe " of a closet to have an 
internal diameter of not less than 1} inch, and if of lead to 
weigh not less than 9 lbs. to every lineal yard. The object 
of this, and Begulation 29, from the company's point of 
view, is not obvious. 

No. 24 forbids any communication between the pipes 
supplying the company's water and any part of a water- 
closet, or any apparatus connected therewith, except the 
service cistern. 

No. 25 prohibits the existence of any overflow pipe to 
a bath, unless it be constructed as a '^ warning-pipe." The 
remarks made in connection with Begulations 14 and 15 
apply to this regulation, but to a modified extent. 

No. 26 requires that the inlet shall be distinct from, and 
unconnected with, the outlet of a bath ; that the inlet shall 
be above the highest water-level of the bath ; and that the 
outlet shall be provided with a perfectly water-tight plug, 
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yalre, or odck. These reqnirements aim at the abolition 
of baths having a combined inlet, ontlet, waste, and over- 
flow (the last being, however, prohibited by Regulation 26) 
at the bottom. These arrangements are very liable to get 
out of order, and water might easily escape directly into the 
drain without ever being noticed. 

No. 27 requires that no alteration shall be made in any 
fittings in connection with the supply of water without two 
days' previous notice in writing to the company. Compare 
Waterworks Clauses Act, 1863, sec. 19. 

No. 28 is for the protection of the consumer, where the 
communication-pipe is laid by the undertakers, and sets 
forth that no cock, ferrule, joint, union, valve, or other 
fitting, in the course of any '< communication-pipe," shall 
have a less water-way than that of the communication-pipe. 

No. 29 requires that all '^ warning-pipes " and other lead 
pipes of which the ends are open, so that such pipes cannot 
remain charged with water, may be of the following minimum 
weights : — 



Internal diameter 
in inches. 



Weight per yard 
in lbs. 



i 
1 



3 
5 

7 



No. 30 defines " communication-pipo " as being the pipe 
which extends from the district-pipe or other supply-pipe 
of the company up to the "stop-valve" prescribed in 
Begulation 12. 

'No. 31 imposes a penalty of £5 on any person contravening 
these Eegulations. 

No. 32 empowers an authorized officer to act for the company. 

No. 33 states that all existing fittings approved by the 
company shall be deemed to be prescribed fittings under 
the Metropolis Water Act, 1871, 
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CHAPTEE XXIL 

STORAGE OF EAIN-WATEE. 

As the rainfall is stored on a large scale by imponnding 
reservoirs for the purposes of providing a supply of water 
for domestic and other purposes to towns or a series of 
villages, so also it may be collected and stored on a small 
scale for the use of isolated dwellings. In the latter case, 
roofs or prepared areas of ground take the place of the 
catchment area; the impounding reservoir is replaced by 
metal, masonry, brickwork, or concrete tanks, which also 
constitute the service-tanks; and filter-beds of adequate 
dimensions have also to be provided. Storm overflow must 
not be omitted, but in this case with the sole object of 
preserving the purity of the water in the tank. The 
principles involved in the necessary calculations are like- 
wise similar, the supply depending upon the available rain- 
fall and the area of the collecting sur&ces. 

Bain-water from the roofs of houses is usually collected 
by means of gutters, with the immediate object of preventing 
it from flowing down the walls and rendering them damp. 
It is also usually stored in butts or tanks for washing 
purposes, when the principal supply is of a hard nature, 
and for other purposes when the latter is limited in quantity. 
It is rarely, however, employed for dietetic purposes, except 
as a last resource, when no other supply is forthcoming. 
In fact, the prejudice against it is so great that people 
frequently prefer to it the water of wells or springs which 
they know to be polluted. Another reason, perhaps, is the 
general ignorance of the capabilities of a comparatively 
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small collecting surface in affording a regulated daily snpply 
through the use of storage capacity properly proportiontd 
to the particular area of surface and the available rainfEJl. 

As stated in Chapter IX., the amount of rainfall varies 
considerably in different parts of the country, from 40 to 70 
inches per annum on the western coast, from 30 to 40 inches 
on the southern coast, and from 20 to 30 inches on the 
eastern coast — the average rainfall over the whole of Great 
Britain being about 33 inches. Further, it was stated that 
the rainfall at the same place varied considerably in different 
years — from 45 per cent, above the average to 33 per cent 
below the average. There is, however, another most 
important variation in the rainfall, when corresponding 
months in different years are compared, which plays a most 
important part in the calculation of the necessary amount 
of storage-capacity for roof or similarly collected supplies. 
In this case there is no percolation, and the rainfall passes 
directly into the storage tanks, the flow not being subject to 
regulation by the catchment area. 

An examination of the table given on p. 166, taken fropi 
*^ Sanitary Engineering," by Baldwin Latham, M.I.O.E., 
F.6.S., will show that, although the monthly averages 
are fairly constant when the observations extend over 
several years, the individual falls vary from 204 per cent, 
above the average, as in December, 1876, to 90 per cent, 
below the average, as in September, 1865. 

The theoretical storage capacity should be such that the 
tank should contain a sufficient quantity of water at the 
commencement of a drought so as to afford the calculated 
daily supply until it is over ; also to be able to store the 
surplus of the rainfall above the consumption during wet 
weather. Or, in other words, that there shall always be a 
sufficient supply of water in the tank — provided that only 
the calculated amount is abstracted from it daily — and that 
the tank shall* never overflow. The lowest annual rain&ll 
must be taken as the basis upon which the daily supply is 
to be calculated. In the above table the lowest annual rain- 
fall was 20*26 inches, which, if properly stored (excluding 
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loss by evaporation) would supply a monthly consumption 
eqnal to 1*69 inches. The storage capacity necessary 
to equalize the rainfall in order to furnish this supply 
may be calculated by the method given in Ohap. XIII., 
either graphically or arithmetically. 

The calculation of storage capacity based upon the rain- 
fall for 1864, given in the table above, is as follows : — 



Month. 


Rainfall. 


Consnmp- 
tion. 


Algebraical 
enm. 


Jannary ••• 


1-34 


1-69 


- -35 


February ... 


1-32 


1-69 


- -37 


March 


2-95 


1-69 


+ 1-26 


April 


•64 


1-69 


-105 


May ••* 


2-69 


1-69 


+ 1-00 


June 


•80 


1-69 


- -89 


July 


•99 


1-69 


- -70 


Aagust 


119 


1-69 


- -50 


September 


309 


1-69 


+ 1-40 


October ... 


i-2a 


1-69 


- -43 


November... 


3-46 


1-69 


+ 1-77 


December... 


•53 


1-69 


-M6 



Accelerated 
earn. 



- -35 

- -72 
+ -54 

- -51 
+ -49 

- -40 
-1-10 

{ minimum \ 
-1-60 / 

- -20 

- -63 

{mazimum\ 
+ M4 / 
+ -02 



1-25 
•88 
2-14 
109 
2-09 
1-20 
•50 

000 

1-40 
•97 

2-74 

1-58 



To give an equalized monthly supply equivalent to 1*69 
inches would, therefore, require a minimum storage capacity 
for 1'60 + 1*14 = 2'74 inches, provided that the tank 
contained at the commencement of the year a quantity of 
water equivalent to 1*60 inches. 

The column marked A in the above table shows the 
depth of rainfall corresponding to the quantity of water 
contained in the tank at the end of each month, under these 
conditions. This is assuming that the rainfall is uniform 
throughout each month, but as this is not usually the case, 
and the bulk of it may fall during the first day or two, it is 
necessary to increase the storage by one month's consump- 
tion = 1*69 inches, making the total storage capacity equal 
to 4*43 inches, or about 22 per cent, of the total annual 
rainfall. Mr. Thomas Box (" Practical Hydraulics ") gives 
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one-fonrth of the total annnal rainfall as the minimum 
storage capacity, and this may be taken as a safe rule. 

There are several roles for oalctilating the supply of 
water obtainable from a given collecting surface and annual 
rainfall, three of which are giyen here : — 

1. Multiply the area in square feet by half the annual 
rainfall in inches =3 the quantity of water in gallons 
approximately (Parker's " Practical Hygiene "). 

2. Multiply the area coyered by the roof in square feet 
by the ayerage annual rainfall, also in feet, and divide the 
result by 100 = the average supply in gallons per diem, 
for a very dry year (J. Wallace Peggs, "Transactions," 
Sanitary Institute, vol. xiv.). 

3. Multiply the lowest recorded rainfall in feet by the 
collecting area in square feet by '015 = the average number 
of gallons per day, including a small allowance for loss in 
the collection ('* Water, its Composition, etc.," by Joseph 
Parry, C.E.). 

The following table, by W. Sowerby Wilson, F.E.M.S., 
shows the daily yield of water from a roof with varying 
rainfall : area of house, 10 feet by 20 feet, or 200 square 
feet : — 



1 

C 

1 


LoBsfirom 
evaporation. 


Requisite 

capacity of 

tank. 


Mean daily 
yield of water. 


Mean daily 

yield of water 

in wettest year. 


Mean daily 
yield of water 
in dryeet year. 


Inches. 
20 


Per cent. 
25 


Cubic feet. 
100 


Oallons. 
4-3 


Gallons. 
6-7 


Gallons. 
3-2 


25 


20 


135 


5-7 


7-5 


3 9 


80 


20 


145 


6-8 


9-4 


4-5 


85 


20 


155 


7-9 


11-0 


50 


40 


15 


165 


9-7 


131 


7-2 


45 


15 


170 


10-9 


14-2 
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For any other size of roof or amount of rainfall, the 
numbers will be proportional. 

The area of roof-snrface for collecting water must be 
measured on the flat, and not on the slope, and is the same 
as the area of the ground coyered by the roof (if the ground 
be level). The average collecting area of house-roofs is 
about sixty square feet per individual. 

Eoofs of houses in towns, or near factories, or in: any 
situation where the air is liable to pollution, are not suitable 
for collecting water for dietetic purposes, and roofs covered 
with thatch, felt, lead or zinc — the two last, on account of 
the solvent property of rain-water, — must not be used for 
the purpose. Lead pipes in connection with the storage- 
tank must also be avoided. In order to obtain a satisfeictory 
supply of water for domestic purposes from roofs or similar 
areas, the greatest constant care is necessary to keep the 
roofs and gutters clean, and to remove all bird-excrement, 
etc. 

The first portion of the rainfall collected from roofs, 
especially after a long period of dry weather, is usually of 
an impure nature, on account of the soot and other matters 
which have had time to accumulate. In order to prevent 
this portion from entering the storage tank, mechanical 
appliances, known as << rain-water separators,"* have been 
devised. These consist of vessels into which the rainfall 
is directed before passing into the storage tank, and which 
are so constructed as to collect the first portion of the flow, 
and when full to cant over, emptying their contents to 
waste, and at the same time placing the flow of water from 
the roof in direct communication with the storage tank. 
When the flow has ceased they return automatically to their 
original position. 

The rain-water may be stored in overground or under- 
ground cisterns, or reservoirs. The former have the 
advantage of enabling the water to be drawn direct by 
means of a tap, but are generally more expensive, and the 
water is subject to changes of temperature. The under- 
ground reservoir necessitates pumping, and is more liable 
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to permit of pollution. The water shoiild be strained 
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tliTough a copper strainer to keep back leaves, etc., and 
should be filtered before admission into the storage tank. 
The filtering material may be sand, polarite, or other 
suitable snbstanoe. The tank should be efficiently venti- 
' lated ; haTe a sufGcient coTering of earth so that the water 
may be kept at an equable temperature ; and shonld be, if 
possible, provided with a wash-out Talve for cleansing 
purposes. Fig. 55, is an illustration of a brick underground 
tank, with strainer and filter-bed, to contain 2500 gallons, 
designed for a small isolation hospital. 




Where the roof surface is insafficient, a small area of 
groimd may be fenced o£F, and either underdralned by 
means of sgricnltural tiles, or the surface may be covert 
with tiles or concrete, and the rain-water falling upon it 
takon by means of pipes to a etort^e-tonk. 
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CHAPTEE XXIII. 

SPECIFICATIONS AND ESTIMATES. 

The preparations of the drawings, spocifications, and general 
conditions of an intended work shonid receiye the greatest 
care and attention, the descriptions being in de&il and 
clearly expressed, otherwise the contractor will constrno 
them in one way and the engineer in another. It is there- 
fore in the interests of both parties to the contract that 
sufficient time and care should be taken in drawing up the 
clauses and in giving as much information as possible to the 
contractor. This will avoid disputes during the progress of 
the work, which usually result in claims for extra pay- 
ments over and above the contract amount. The bill of 
quantities showing the amount of work to be performed 
imder each item of the specification is either prepared by 
the engineer or by a quantity surveyor, for which it is 
customary to allow from ^ to 1 per cent, on the amount of 
the accepted tender. This is charged through the bill of 
quantities, and repaid or transferred to the engineer or 
quantity surveyor by the contractor. It is not a desirable 
arrangement for the engineer to have any monetary trans- 
actions with the contractor, and it would undoubtedly be 
an advantage where the quantities are taken out by the 
engineer for this payment to be made direct to him by the 
person or persons for whom the work is being performed. 

The following specification for cast-iron pipes will act as 
a guide to the preparation of contracts for such works, at 
the same time giving an insight into the style and method 
usually adopted in the preparation of specifications 
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generally. The general conditions in this case are embodied 
in the specification, and are not kept distinct, as is nsual in 
large contracts for engineering works. 



Enral Sanitary District of 



Cast-iron Pipes, Irregulars, and Special Castings. 

Specification to be observed by the contractor for the 
supply of ordinary iron pipes, irregular iron pipes, and 
special castings, to the Waterworks Department of the 
Local Authority of the Eural Sanitary District of . 

1. The cast-iron pipes, from 3 inches to 12 inches in 
diameter, are to be in 9 feet lengths, and the 2-inch pipes 
are to be in 6 feet lengths, in each case ezclusiye of the 
socket. The whole or any portion of the above sizes to 
be spigot and socket, or half-turned and bored joints as 
may be directed to be supplied, and to be of the following 
weights, except when otherwise ordered. 



1 

Diameter 
in inches. 


Length, 
exdosive 
of socket. 


Weight, including 
socket. 


Diameter 
in inches. 


Length, 
exdusive 
of socket. 


Weight, incIndlDg 
socket. 


ins. 
2 


ft. 
6 


cwts. 



qrs. 

1 


lbs. 
19 


ins. 
8 


9 


cwta. 
3 


qrs. 
2 


lbs. 
10 


8 


9 


1 





7 


9 


9 


4 


2 


6 


4 


9 


1 


1 


15 


10 


9 


5 





3 


5 


9 


2 





2 


11 


9 


5 


2 


1 


6 


9 


2 


1 


14 


12 


9 


G 


2 


22 


7 


9 


3 





19 


1 




— 


— 


— 



2. Any pipes which deviate more than 3 per cent, from 
the stipulated weights will be rejected. The whole of the 
pipes are to be manufactured and afterwards tested by 
hydrostatic pressure, by and at the expense of the contractor. 



174 RURAL WATER SUPPLY. 

The test pressure to be equal to a column of water 600 feet 
high, and such pressure shall be maintained in each pipe at 
least two minutes, previous to which the connection between 
the pump and the testing-machine is to be cut off. Each 
pipe, while under the pressure, shall be rapped from end to 
end with a hand-hammer 4 lbs. in weight, so as to discover 
any sandy, porous, or blown places. The pipes will be again 
proved by and at the expense of the authority, after they 
have been delivered at the place required. Any pipe which 
shall be found to be imperfectly coated, or in which any 
imperfections shall appear, or wherein any sand or air- 
holes shall appear to have been plugged up, or which shall 
not agree with the terms of the specification, will be 
rejected. 

3. The irregular pipes and special castings are to include 
all branches, elbows, thimbles, clips, cant socket-pieces, 
hydrant, valve, meter, and stop-tap covers fitted as per 
pattern, also all flange and other special castings, samples 
of which may be seen on application at the waterworks 
offices. 

4. The straight pipes are to be cast in dry sand moulds 
vertically, with the sockets downwards, and the curved 
pipes in loam or dry sand in close boxes ; the castings are 
to be made without the use of core-nails, chaplets, or thick- 
ness pieces, or any substitute for the same, and the contractor 
is to provide turned iron patterns, boxes, core-bars, and barrels 
for making all straight pipes, the flanges, spindles, sole 
plates, and cores of which are to be accurately turned, 
faced, bored, truly fitted and joined. The sand must be 
sufficiently fine and fresh to produce a smooth and perfect 
surface, and all the moulds and cores are to be properly 
black-washed and carefully dried. Great care is to be 
taken in preparing and drying the cores in order to ensure 
a smooth surface to the pipes internally. 

5. All pipes of 5 inches diameter and under will be 
allowed to be cast at an angle of not less than 45 degrees 
from the horizontal. The pipes of each size respectively 
ore to be of uniform bore and thickness of metal through- 
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ont their respectiye length, and without any belts. The 
eastings are to be free from scorise, sand-holes, air-bubbles, 
cold-shut39 laps, washers, and all other imperfections ; and 
the pipes are to be truly cylindrical in the bore, straight in 
the axis, smooth within and without, and internally of the 
full specified diameters, and they shall have their inner and 
outer surfaces as nearly as possible ooncentric. An 
increased length of at least 6 inches is to be cast on the 
spigot end of each pipe, such increased length being after- 
wards cut off in a lathe to the specified size. -All pipes are 
to be perfectly dressed and cleansed, so that no lumps or 
rough places are left in the barrels or sockets. The con- 
tractor will be charged with and must pay and defray any 
and all losses, charges, and expenses to or for which the 
Local Authority or their Committee may be put, or be liable 
by reason of any neglect with respect to the forms and sizes 
of the sockets and spigots. And for the better prevention 
of chills, uneven shrinkage, and cracks consequent thereon, 
the contractor must undertake that the pipes shall not be 
removed too hastily from the moulds, or be laid while hot 
upon cold or damp earth, or be exposed while in a heated 
state to wet or inclement weather. 

6. Special precautions are to be taken in obtaining and 
maintaining the proper standard of quality of the mixture 
of iron, and in the melting of it. All the metal used shall 
be made from mine pig, without any admixture or proportion 
of cinder iron or other iron of inferior quality ; and the 
whole to be of the best tough, close-grained grey iron, to be 
remelted in a cupola or air-furnace. Whenever any castings 
are made, as many test-bars are also to be cast from the 
same metal as may be required by the Local Authority or 
their engineer. The test-bars are to be 2 inches by 1 inch 
by 3 feet 6 inches long, placed horizontally upon the narrow 
width, supported on bearings 3 feet apart, and to be capable 
of sustaining without breaking a weight of not less than 
30 cwt., gradually applied in the centre of the bar, and pro- 
ducing a deflection of not less than from '3 to *4 of an inch. 
The contractor is to provide in his works, under cover and 
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protection, suitable and approved machines for testing tlie 
test-bars to the fnll satisfaction of the engineer before he 
nrill be allowed to commence work under this contract. 

7. All pipes which are ordered to haye half-turned and 
bored joints are to be cast with such increased thicknesses 
of metal at the spigot and socket ends as will allow them to 
be so turned and bored and otherwise finished as that the 
spigot end of any pipe shall enter to the bottom and fit 
perfectly in the socket of any other pipe, and that when 
driven together, the whole of the turned and bored portions 
are in complete contact with each other, and form a perfectly 
water-tight joint, without the aid of any cement, lead, paint, 
or other substance. The turning and boring is to be executed 
after the pipes are coated as hereinaffcer specified. The 
turned portion of the spigot is to be i of an inch in length, 
with a taper of 1 in 32, the socket having a similar taper 
to suit it. The spigot and socket joints, when so ordered, 
are to have a recess cast around the inside of the socket, 
and a bead on the spigot according to the directions of the 
Local Authority or their engineer. The sockets of all pipes 
under 4 inches in diameter are to have an allowance of i of 
an inch, and above 4 inches in diameter an allowance of f 
of an inch for the lead-joint. 

8. Each pipe is to have a consecutive number, year 
(initials of authority), and maker's name cast on the socket, 
in the same order, as specified on each order for goods, and 
any pipe found to be defective under the tests applied shall 
not have its number replaced, such number on the defective 
pipe being disfigured by a chisel-cut. 

9. All pipes, irregulars, and special castings are to be 
heated in a stove to a temperature of 300° Fahr., and then 
dipped into a solution known as Dr. Angus Smith's, which 
must be of a similar temperature to the pipes. 

10. All irregular pipes and special castings are to be 
made according to particulars to be famished hereafter by 
the engineer; but all patterns and moulds that may be 
required in connection with the above are to be provided at 
the cost of the contractor. 
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11. The engineer or any other person the Local Autho- 
rity may appoint will be empowered to reject any pipe or 
other casting he may consider defective, unsound, badly 
yarnished, of inferior quality, or not in accordance with the 
order, and the same is to be removed by the contractor after 
notice has been given to him, at his own expense ; and if not 
removed within three days after a written notice has been 
served upon him, the whole or any portion of such defective 
material may be removed by the Authority at the contractor's 
expense. 

12. Orders signed by the engineer or other authorized 
person for the Local Authority will be given from time to 
time for such descriptions of pipes and other articles as may 
be required under the contract, to be delivered within the 
following periods of time : — 

Straight pipes, 2 to 8 inches in diameter, inclusive : 100 
within 14 days, and 100 per week afterwards. 

Straight pipes, 9 to 12 inches in diameter, inclusive : 50 
within 14 days, and 50 per week afterwards. 

Branch pipes, and other irregular or special castings, 2 to 
8 inches in diameter, inclusive : 10 within 14 days. 

Branch pipes, and other irregular or special castings, 9 to 
12 inches in diameter, inclusive : 10 within 14 days. 

13. Should the contractor fail to deliver the pipes, irre- 
gulars, or special castings as required, the Local Authority 
shall have power to determine or cancel the whole or any 
portion of the contract, or to order elsewhere any goods not 
supplied, and the difference in cost between the goods so 
supplied and the contract price may be charged to the con- 
tractor, or deducted from any amount due or to become due 
to him under the contract. 

14. The pipes and all other castings are to be delivered 

to the station of the .Bailway Company, when 

delivered by rail, or at the waterworks yard when delivered 
by road or canal, free of charge to the Local Authority, and 
the said Authority reserve to themselves the right to weigh 
all pipes and castings on their own weighing machines, and 
to pay for same according to such weights. 

n 
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15. Should any dispute or difference of opinion arise as 
to the meaning or intention of this specification or of the 
contract, the interpretation of the same by the clerk to the 
Local Atithority or other person to be agreed upon before 
entering on this contract, shall be binding and conclusive 
on both parties in the matters to which such interpretations 
shall refer. 

16. The Local Authority do not bind themselves to accept 
the lowest or any tender, and reserve to themselves the 
right to divide and accept part or parts only of a tender. 

17. The contractor must enter into a bond for the due 
fulfilment of the contract under the penalty of £100, such 
bond and agreement containing the written terms and 
stipulations to be prepared by the clerk to the Authority, 
and sealed by the said Authority. 

18. Payments will be made monthly after the next 
succeeding meeting of the Authority, if accounts are sent to 
the engineer on or before the day of any month. 

19. Tenders are to be made on the annexed form, four 
prices per ton to be given, viz.: 

(1) For ordinary cast-iron pipes — 

a. Spigot and socket. 
&. half-turned and bored. 

(2) For irregular castings. 

(8) For all other special castings. 



FoBM OF Tendeb. 

Address 



Date . 

To the Eural Sanitary Authority. 

Gentlemen, 

I beg to tender for the following j?«p6», irregulars^ 
and other castings^ as per specification, for twelve months 
from the above date. 
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Ordinary cast-iron pipes (spigot and socket) per 

vwXX ••• ••• ••• ••• ••• ••• 

Ordinary cast-iron pipes (half-turned and bored) 
per ton ... •«. .,• 



••• 



£ 8. d. 



Irregulars as under — 

Taper or reducing pipes 
Thimble or other branches ... 

Saddle branches 

Bends, elbows, and cant sockets 
Thimbles or collars 

v^ JJ-PS ••• ••• ••• ••• 

Cap ends 

Duckfoot bends ... ^ ... 

Flange pieces (yarious) 

Blank flanges 



( 



per ton 



Special Castings as under — 

Hydrant covers, as per sample, fitted 

Meter 

Stop-tap 

Valve 

Air-valve 

Meter caps „ 

False spindles of various lengths 



J» 


J> J 


> J> 


>J 


» J 


> M 


J> 


)» 9 


) 9» 


J> 


J> J 


5 J> 


9) 


>> J 


> » 



\ per ton 



Signed 



Address 



In preparing estimates of work to be performed, careful 
consideration must be given to the district in which the 
work is to be executed ; and the correct estimation of the 
prices requires considerable experience of practical work. 
The following statement is the actual cost of laying a 
3-inch main along a main road, giving the details and 
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prices of each item. All estimates Bhonld be taken out in 
a similar manner. 



Distance 117 Yaeds — 3-inoh Main. 



No. 


Tons. 


cwt8. qrs. 


lbs. 


£ «. d. 


39 8-iD. pipes 


... 2 


^ 1 — 


— at £5 per ton 


10 5 


1 5 by S-in. branch — 


1 1 


14 at 108. Hd, per cwt. 


13 10 


2 3 by 3-in. branch — 


1 — 


~™ » » 


10 1 


1 3-in. bend 


... ""^ 


— 2 


• >» »> 


5 9 


1 3-in. valTO 


... " 


— ~~ 


"^ ... ... ... 


1 16 1 


1 Valve cover 


... ^^" 


— 2 


7 at 16«. \\d, per cwt. 


9 2 


— Lead ... 


** • "^ 


— 1 


— at 12«. per cwt. ... 


3 


— Yam 


.* • ^^ 


— — 


2 at 2(2. per lb. 


4 


— Goal 


•* • "~^ 


1 2 


— at 9d. per cwt. ... 


1 2 


— Cement... 


.. • ^^* 


1 — 


— at 28. per cwt. 

— at 1«. Sd. per ton ... 


2 


— Hauling 


... 2 


._ — 


2 6 


Wages paid f 


or labour 


... 


... ... ... ... 


7 




£21 8 11 
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CHAPTEB XXIV. 

WELLS. 

Well-sineino on a large scale for rural water-supply is of 
rare occurrence, and the details, which necessitate an ex- 
tensive knowledge of practical geology, are so numerous and 
complicated that the subject cannot be dealt with satis- 
factorily within the limits of this book. The principles 
and methods have been comprehensiveljr dealt with in 
several standard treatises upon the subject, and to these the 
student must be referred. As, however, wells may be said 
(and often unfortunately so) to form the most frequent 
source of supply for villages, groups of houses, and isolated 
dwellings in country districts, some details upon this branch 
of the subject will be given here. 
Wells may be classed under three heads — 

1. Shallow or surface wells (Fig, 56). 

2. Deep wells (Fig. 67). 

3. Artesian wells (Fig. 58). 

In Chapter IL, whilst referring to the disposal of the 
rainfall, it was stated that " a portion of the rain sinks into 
the ground and forms the underground reservoirs in which 
wells are sunk, issuing again at the lowest lip as springs." 
When a porous stratum, such as sandstone or chalk, which 
has the power of retaining water in its pores or fissures, is 
superposed upon an impervious stratum, such as clay, the 
porous stratum will be saturated, and the water held up as 
in a basin, to a plane inclining towards the lowest lip, 
which is generally the outcrop of the impervious stratum. 
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If the porons stratum is adjacent to the sur&ce of the 
ground, the plane of BatnratioQ U generally at no great 
depth ; and if a well is BOnk to a point below this plane, 
water will collect in it and slAnd at the level of the plane. 
This conetitntea a ehallow welL Under these circometances 
the level of the plane of satnTation is Ter^ variable, being 
rapidly afFeoted by the rainfall. As the rainfiill in its 




passage into and tbiongb the gronnd, on account of its 
highly solvent nature, takes op and carries with it any im- 
purities, moTC particularly of an organic natnro, which it 
meets with on its way ; imd as the distance through which 
it has to pass before flowing into the well is nsaally very 
short, shallow wells are dangerons sources of water supply 
for domestic pniposes. It is only in such cases as where 




the well is in an isolated position, in a rural district, and 
sufSoiently removed from any possible source of ' pollution, 
that its use in this connection ^onld be permitted. Wells 
of this description must be properly walled in or steined 
with stone, brickwork, or concrete, and in the two first oases 
the joints should be made thoroughly watertight with 
hydraulic lime-mortar or cement. The top of the wall 
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should be protected b; a raised kerb, where a backet is nscd 
for drawinf; the water, and fitted with a proper cover, or 
where the water is drawn bj means of a pnmp, the top of 
the well should be domed or flagged over. The backet 
BjBtem has an advantage over the pnmp in affording greater 
&oilities for cleaning ont the well, which should be done 
onoe a year. On the other hand, the pump-well, through 
being permanently covered over, is less liable to pollntion 
from the enrface. As the water in shallow wells is usually 
of a soft nature, the snotioa pipe of the pump should not be 
composed of lead. 

Deep wells are those which ore sunk through an 
impervious stratum to a porous or water-bearing stratum 




beneath it the water be ng held np in the latter by an im 
pervious stratum uaderneath t again The terms deep 
and shallow n connect on with wells do not therefore, 
refer to tho actual depth of the well and a shallow well may 
in feet, be deeper than a deep well. Deep wells, if properly 
cotutrncted, constitute excellent sources for domestic supply. 
The rainfall which feeds them is collected upon the exposed 
sar&ces of the water-hearing stratum, which are asoally 
situated at a distance from the site of tho well, and becomes 
purified in ite passage through the ground. On account of 
its prolonged contact with strata at some depth below the 
sorface, deep well-water usually contains a considerable 
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amount of mineral matter in solution which it has taken up 
during its passage; this gives it a hard character. Deep 
wells have also the advantage of being slowly affected by 
the rainfall, and the level of the water in them is fairly 
constant It is of paramount importance that any perco- 
lation from the beds above the impervious bed through 
which the well is sunk should be effectually prevented. 
This is done in a manner similar to that described for 
shallow wells. The precautions at the surface are the same 
in both cases. The level at which the water will stand in 
a '' deep well " depends upon the elevations of the collecting 
ground and the line of overflow, the principles upon which 
it depends being the same as already described in reference 
to the virtual slope or hydraulic mean gradient of water 
flowing in pipes. 

There is a continuous flow of water in saturated strata 
from the collecting area towards the outlet, which is usually 
the bed of a river, or the shore of a lake, or the sea. The 
surface-level of this moving body of water, which may be 
called its virtual slope, depends upon the resistance of the 
materials which compose the strata through which it flows, 
the presence of faults or dislocations, and the physical 
features of the land ; technically, the flrst of these includes 
the other two. 

Should the point selected for sinking a deep well be 
situated beneath the virtual slope of the water in the satu- 
rated beds, then, when these beds are reached, the water 
will rise to the top of the well and (were it not for the 
resistance of the air) above it to the virtual slope at that 
point. This would constitute an artesian well. The name 
is derived from Artois, a province of France, where this 
form of well was flrst brought into general use. It will be 
evident to the student that the artesian well is only a special 
condition of the deep well. As in wells of this description 
the water rises of its own accord, either so as to overflow, 
or to within a certain distance from the surface, it is only 
necessary to dig the well to a sufficient depth to allow of 
the pump being flxed within 30 feet of the lowest level to 



WELLS. t?s 

which the water rises, and to afford BofBcient stor^e 
capacity. The remaiiiing portion may consist of a email 
perforation bored down to the required depth, which is 
lined with an iron tube, or occi»ionaIly left unlined when 
it passes entirely through lock. 

The AbysBinian or tnb&-weU (Fig. 60) is economical and 
satiB&ctory where the ground is suitable, and where the 
water stands, or by deeper sinking may be made to rise 
within 30 feet of the surface of the ground. This well 
consists of iron tubes irom li inch 
diameter, in sections, which are 
driven into the gronnd, the bottom 
section, which is perforated, haying 
a steel point to enable it to pene- 
trate. As the tube is forced down ~ 
into the ground, a fresh section is 
screwed on to the upper end of the 
last tube until the desired depth is 
reached. A pnmp is then fixed to 
the top of the composite tube, and 
the work is complete. An ad^m- 
tage poseesaed by this form of well '.:'... 

is that it can asually be withdrawn '.■.'■' ■■."j.. 
and driven again in a new situation- v'' -- - 1."- .'V' 
Pei-colation of snrface-water be- v.\-i..,.'- . , :;:'',v 
tween the lining of the well, and p^^ ^ 

the ground throi^h which it is 
dtiven, is also prevented. 

The following is an estimate for an Abyssinian tube-well 
in gravelly ground, where driving-plant is provided and a 
well-driver, sent by the contractors to superintend fixing, 
labour being provided by the Authority. 
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Estimate. 

Depth, 30 feet £ s. d, 

30 feet l|-inch Abyssinian tube, hire of plant, and well- 

UXJl YcT ••• ••• ••* ••• ••* ••• ••• 

3-inch Abyssinian column-pump, with foundation 

Well-drlTer's time, trayelling, say one day 

Ditto, ditto, railway fares 

Carriage and Oartage of Pltuit and materials 

Labourer, 1 day ... •• 

£10 6 6 

For farther information upon this subject, the student is 
referred to a pamphlet published by Messrs. Le Grand and 
SutclifiEe, Bunhill-row, London, E.C. 

The cost of digging wells depends upon the nature of the 
rock or soil through wHich the excavation has to be made, 
and upon the precautions which have to be taken to prevent 
the sides from falling in, and in dealing with the surface 
water. 

There are two principal methods of constructing the 
steining of a well in treacherous groxmd. The first is to 
excavate to a certain depth, and then to build the lining of 
the well to the surface of the ground upon a wooden ring or 
kerb. The excavation is then continued for a further depth, 
and the kerb, with the cylinder of brickwork, or other 
material, allowed to sink. The walling is then continued 
again to the surface, the excavation and walling being 
carried on alternately until the required depth is reached. 
Iron cylinders in sections are also used, the principle being 
the same. The second method consists in under-pinning 
and building beneath each section of the steining as con- 
structed. 

Half brick rings are usually sufficient, especially when 
laid in cement. 

The courses should break joints, and the bricks should be 
radiating. 

It is always advisable to have a puddle or concrete back- 
ing to the lining of a well, especially near the surface. 
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CHAPTEB XXV. 

WmAjS—continued. LEAD POISONING. 

Speoifioation of a well and other works required to be con- 

Btructed for Mr. , on land adjacent to the main road 

leading from to ^ in the parish of ^ in the 

county of , 

The works comprised in this contract are the excavation 
and lining of a well, and other works, as shown on the 
drawing (Fig. 61) attached to this specification, and here- 
inafter more particularly detailed and described. 

The site of the well is shown on the aforesaid drawings, 
and the strata will probably consist of — 

Alluvium ... ... 2 feet 

Sand and gravel ... ... ... ... 4 „ 

Soft and hard marl 64 „ 

Sandstone... ... ... ... ... 10 „ 

The well is to be excavated or sunk to a depth of 80 feet, 
and 4 feet 6 inches diameter in the clear inside the brick- 
work lining. The excavation is to be trimmed back of 
su£Gicient width for the lining and concrete backing, or 
7 feet 6 inches in diameter where lining is inserted with 
concrete backing, and 6 feet in diameter where brickwork 
lining only is inserted; the remainder of the excavation, 
where lining is not found necessary, is to be made 4 feet 
6 inches in diameter, and neatly trimmed to the circle. 

The excavated material is to be removed by the con- 
tractor as part of this contract. 

Blasting with explosives will be permitted, but no shots are 
to be fired within one foot of the sides of the excavation. 
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The brickwork lining is to be 9 iaches in thiokneee, built 
solid ID Portland cement mortar, and to consist of header 
and stretoher-conrses, constmcted in sections on the Sfsteni 
known as " nitderpinning," but no section of the brickwork 
is to exceed one-fonrth of the circnmferenoe, or 4 feet in 
Tertioal height as a maximum. Great care must be taken 
in meaanring the height of the courses so as to avoid wide 
closing-joints. The brickwork is to be bnilt in, as the 



Strata I Feet I Feet 1 Surface 




ALLUVIUM 
UND ftCMVtL 



son- AflO 

HARD MARL 



!^E^;^^ 










sinking pioceedB, where the ground is not strong enongh to 
stand alone. No vacant spaces are to be left behind the 
linii^, but all such spaces must be filled in with fine 
cement. The lining is to be kept perfectly plumb, and 
worked from a radins-rod off the oentre-line. 

The ring of cement concrete backing to the brickwork is 
to be carried to a depth of 20 feet from the sorfiioei and to 
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be 9 inches in thickness, and well rammed into its position 
behind the brickwork. 

The contractor is to provide, as part of this contract, all 
carriage, labour, materials, tools, pamping apparatus, or 
other means of lifting the water during the execution of 
works, and any other apparatus necessary for the due and 
proper execution of this contract. 

A hand windlass of elm-wood, with substantial standards 
and frame, is to be provided and fixed at the top of the well, 
after the sinking and other operations have been completed. 
A best Manilla rope, 2^ inches in circumference, with swivel 
attachment, and a strong elm or oak bucket, holding not 
less than 3 gallons, are also to be provided as part of this 
contract. 

The works are to be completed to the satisfaction of Mr. 

, within two months after the date of the signing of 

this contract. 

Payments will be made weekly, at the rate of 80 per cent, 
of the total work executed. 



Materials. 

The bricks are to be of approved manufacture. 

The cement-mortar is to be composed of one part of 
Portland cement, and three parts clean furnace ashes or sharp 
sand. 

The cement concrete is to be composed of one part of 
Portland cement, one part of clean, sharp sand, sand three 
parts of small broken stone. 

The timber is to be of the best-seasoned elm, free from 
all imperfections. 

All other materials are to be of the best of their respective 
kinds. 
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ESTIHATI FOB SiNKINO AND LiHINO A WeLL 80 FEET DEEP 
AND 4 FEET 6 INOHES IN DiAMBTEB. 



Cable yards. 




At per 
cubic yard. 






Exeavation, 


«. d 


£ 8, d. 


91 
23 

52i 

5i 


Alluvium, sand and gravel 
Soft marl ... ... 

Hard marl 

Sandstone 

Brickwork, 


1 9 

4 6 

6 6 

10 


17 1 

5 3 6 

16 19 7 

2 17 6 


82 


Brickwork in oement 
Concrete, 


40 


64 


llj 


Portland cement concrete 
MUcedaneow, 


16 


9 8 




Elm windlass, frame, 
bucket and rope com- 
pie 16 .•* ••• ... 

Wooden oover«doorB 

Bemoving excavation to 

spoil ••• ... ... 

Lifting water 




8 16 
6 6 

4 10 

5 




112 3 8 



Lead Poisoning. 

Constant reference has been made in the conrse of these 
pages to the solvent properties which water sometimes 
possesses with regard to lead. This subject was forced 
npon public attention a few years ago, on account of its 
serious consequences at Sheffield and other northern towns, 
where the water is very soft in character, and is principally 
derived from moorland. These alarming outbreaks led to 
much careful investigation both as regards the peculiar 
constituents of such waters as are most liable to become 
polluted with salts of lead, as well as the circumstances 
which tend to facilitate such pollution. 
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Lead is a cnmnlative poison, and if water containing the 
most minnte quantities is constantly employed for dietetic 
purposes, lead poisoning (plumbism or saturnism) must 
eyentually supervene. The absorption of lead into the 
system constitutes a predisposing cause of many diseases, 
and there is a liability of symptomatic treatment, the true 
origin of the disorder being undiscoyered. In fact, the 
theory has been propounded that nearly all cases of gout, 
Bright's disease (nephritis), and many other diseases, might 
be traced to lead poisoning. 

There is perhaps no subject upon which more diversity 
of opinion exists amongst scientists than that which relates, 
firstly to the essential characteristics of the water itself, and 
secondly, to the most favourable conditions under which 
water will attack lead. With regard to the activity of the 
water there are several theories : — 

1. Presence of acidity in the watei; 

2. Insufficiency of diissolved silica. 

3. Absence of a sufficient proportion of dissolved carbonic 
acid (COa). 

4. Deficiency of salts, especially of phosphates, carbonates, 
and sulphates. 

5. Presence of sewage matter, especially of nitrates and 
nitrites. 

1. Prennce of Acidity in ihe Water, 

There is no doubt that certain waters, especially from 
moorland sources, possess a distinct acidity, and that their 
lead-dissolving properties are directly proportional to their 
degree of acidity. This was shown to be the case by the 
experiments conducted by Dr. Sinclair White in connection 
with the Sheffield outbreak, and communicated in a paper 
read at the meeting of the British Medical Association, in 
Leeds, in August, 1889. 

The nature of this acid is, we believe, yet a mystery. 
One opinion is that it consists of sulphuric acid, derived 
from the oxidation of iron pyrites ; another opinion is that the 
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acid is of vegetable origin, and is dne to the decomposition 
of vegetable matter (e,g, peat), possibly due to the action 
of bacteria. 

The remedies proposed in this case are — 

(a) Contact with fragments of limestone. 

(6) Admixture of a proportion of milk of lime. 

(c) Admixture of a proportion of carbonate of soda. 

Contact with fragments of limestone, in addition to the 
admixture with the water of a certain quantity of quicklime, 
has been adopted with satisfactory results at Keighley. As 
the acidity of the water varies from time to time, the quantity 
of alkali necessary should be periodically determined by 
analysis, and added to the water in the form of powder or 
as milk of lime. This is the more important as it has been 
proved that an excess of lime increases the activity of 
water towards lead. Dr. Tidy is reported to have said that 
the beneficial action of limestone was due simply to the 
silica which it contained. Fragments of limestone become 
coated after a few weeks and require renewal ; brushing is 
said to be efifective. 

The admixture of a proportion of carbonate of soda with 
the water has been strongly advocated by Dr. Percy F. 
Frankland (Sanitary Institute Congress, Brighton, 1890). 
The quantity to be used must be determined from time to 
time by analysis, 5 parts of carbonate of soda to 100,000 
parts of water being an extreme case. This process has 
been adopted at Wakefield. 

2. Insufficiency of Dissolved Silica. 

This opinion has been strongly advocated by Dr. Tidy 
and other eminent chemists, as the result of observations 
which appeared to show that the activity of a water towards 
lead was destroyed when it contained upwards of half a 
grain of silica per gallon. It would seem, however, that 
this is not invariably the case, from the following 
instances : — 

(a) Water from the Punch Bowl, Hindhead, which 
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contains 0*831 grains of silica per gallon, is said to act 
yigoronsly on lead. 

(&) E:q>eriments made by Professor Williams, of Sheffield, 
showed that silica added in definite quantities to an acid 
water did not diminish its solvent action upon lead. 

(c) The High Level water at Sheffield acted vigorously 
upon lead whilst containing a larger proportion of silica 
than the Low Level water, which acted slightly or not at 
all upon lead. 

Besides this, Dr. Sinclair White (1889) is of opinion that 
^< the amount of silica which moorland water will take up 
from flints, even after long contact, is very small, and in 
practice it would seem to be exceedingly difficult, if not 
impossible, to silicate by means of ordinary flints some of 
these waters to the extent of containing half a grain per 
gallon. Mr. A. H. Allen has never succeeded in adding 
more than a quarter of a grain per gallon in this way, 
and Professor Percy Frankland's experience is of a similar 
character." 

3. Absence of a Sufficient Proportion of Dissolved Carbonic 

Acid (CO2). 

This is tantamount to saying that a water should possess 
a certain degree of temporary hardness, and this theory is 
borne out by Dr. Percy Frankland, who states that such 
waters " may be generally considered above suspicion." 

4. Deficiency of Salts, especially of Phosphates, Carbonates, 

and Sulphates. 

In other words, soft waters are dangerous, and perhaps 
this is the most popular opinion upon the subject. It must 
be remembered, however, as already stated, that an excess 
of lime in a water tends to increase its activity towards 
lead ; and that hard waters, which derive their salts from 
sewage-polluted sources (nitrates, nitrites, etc.), are especially 
active towards lead* 
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6. Presence of Sewctge-matterj especially of Nitrates^ 

and Nitrites. 

Although this condition of a water nndonbtedly renders 
it more active towards lead, it is almost needless to say 
that such pollution is not an indispensable canse. 

It wonld appear that much time has been wasted in 
attempting to trace the property possessed by certain 
waters of attacking lead to one « final cause, instead of 
admitting that many causes may be at work at the same 
time, either separately or conjointly. 

With regard to the most favourable conditions tinder 
which water will attack lead, there is nearly as much 
variety of opinion. 

A frequently stated dogma is that new lead only is to 
be feared, old lead becoming protected by a coating of 
carbonate of lead which forms upon its surface. Dr. Frank- 
land has, however, shown that some waters act more and 
more upon pipes from day to day. It was originally believed 
that carbonate and sulphate of lead were insoluble in 
water ; this was due to an error in the method adopted for 
analysis, which assumed that sulphide of lead was insoluble 
in water charged with sulphuretted hydrogen. Again, it 
has been shown that the coating of carbonate of lime 
and lead, which forms on a lead surface exposed to an 
active water, is pervious and does not act as a protection. 
This coating also is very liable to scale off as a result of 
vibration, e.g. in pipes, the opening and closing of taps, the 
passage of vehicles, change of temperature, etc. 

The influence of pressure upon the action of the water 
has also led to much diversity of opinion. Dr. Sinclair 
White states, as the result of experiment, that, "Other 
things being equal, the greater the pressure under which 
the water is stored the greater amount of lead is taken up. 
This influence is considerable, but no amount of pressure 
will, of itself, render a harmless water active towards 
lead." 

There is more agreement upon the influence of temperature, 
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and Dr. Sinclair White's statement that, '^ Other things 
being equal, an increase in the temperature of the water 
increases its lead-dissolving power," may be taken as the 
general opinion. This* point, taken in connection with the 
remarks made above upon "temporary hardness," is in- 
teresting. 

It seems to be generally accepted that lead surfaces 
exposed alternately to the action of air and water are more 
liable to be attacked ; also that water becomes more active 
by becoming charged with air. 

Where the water is acidulated its action is much increased 
when it can bring into circuit with the lead surfaces of 
iron, copper, zinc, brass, etc.; in such cases an electric 
current appears to be set up, the lead being the soluble 
electrode. 

The importance of investigating the action of a proposed 
water-supply upon lead must be impressed upon the student. 
It must be borne in mind, in conducting this investigation, 
that the quality of a water from the same source varies 
considerably in this respect, and that all the conditions 
capable of affecting the question must therefore be carefully 
ascertained. 

When, however, the active property of the water towards 
lead has been discovered subsequently to the construction 
of the works, in addition to the best practical measures 
being taken by the authority to counteract the solvent 
property before the water leaves their reservoir, information 
(in the form of leaflets) should be distributed amongst the 
consumers, so as to enable them to take such protective 
measures as will minimize the danger. The following 
recommendations have been suggested by Dr. Frankland : — 

(1) That no water should be collected for drinking pur- 
poses until after the tap has been allowed to run for such 
a length of time as will presumably clear the service-pipe, 
and that drinking or cooking water may, therefore, be 
advantageously collected immediately after a considerable 
quantity of water has been drawn for other domestic 
purposes. 
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(2) That tbe filtration of the water throngh any form of 
animal charcoal filter, practically guarantees its absolute 
freedom from lead. 

(3) That hot water acts more powerfully on lead than 
cold, and that, therefore, metal tea-pots and other soldered 
vessels for holding hot water should be avoided as much as 
possible. 

It is an interesting fact, not yet satisfactorily explained, 
that filters composed of '* animal charcoal " have ^e property 
not only of removing lead after it has been dissolved, but of 
removing from an active water its property of dissolving 
lead, and that this property is continuous. 

Another point to be remembered is that the lead from 
which pipes are usually constructed is not chemically pure. 
They generally consist of two-thirds of new and one-third 
of old lead, the latter having been already used, and con- . 
taining tin, zinc, antimony, and other metals, which flEtcilitate 
the formation of electric currents. 
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CHAPTEB XXVL 

PUBLIC INQUIRIES. CONCLUSION. 

In the preliminary chapter it was stated that the money 
for carrying ont waterworks by Local Authorities is nsnally 
obtained upon loan after a Local Government Board 
inquiry. 

The Pnblic Health Act, 1875, sec. 293, empowers the 
Local Qoyemment Board to canse to be made from time to 
time, ** such inquiries as are directed by this Act, and such 
inquiries as they see fit in relation to any matters concerning 
the public health in any place, or any matter with respect 
to which their sanction, approval, or consent is required by 
this Act." 

The principal matters connected with the supply of water 
to rural districts upon which public inquiries are held. 



1. The borrowing of money beyond a certain amount. 

2. The carrying of water-mains without the district. 

3. The purchase of lands otherwise than by agreement. 

4. The formation of a special drainage district for 
purposes of water supply. 

5. The construction of large reservoirs. 

The Public Health Act, 1875, sec. 295, states that <<all 
orders made by the Local Government Board in pursuance 
of this Act shall be binding and conclusive in respect of the 
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matters to wliich thoy refer, and shall be published in such 
manner as the Board may direct/' 

Sec. 296 empowers inspectors of the Local Govemment 
Board *'for the purposes of any inquiry directed by the 
Board (to) have in relation to witnesses and their examin- 
ation, the production of papers and accounts, and the 
inspection of places and matters required to be inspected, 
similar powers to those which Poor Law Lispectors have 
under the Acts relating to the relief of the poor for the 
purposes of those Acts.'* 



1. The Borrowing of Monet. 

By sees. 233, 234, Local Authorities are empowered, with 
the sanction of the Local Goyemment Board, to borrow 
money for "permanent works" {e.g. waterworks), and for 
such purpose they may " mortgage to the person by or on 
behalf of whom such sums are advanced, any funds or rates 
out of which they are authorized to defray expenses 
incurred by them in the execution of this Act." In the 
case of a Bural Authority the cost of providing a supply of 
water to any contributory place within the district (e.g, 
parish) is by sec. 229, a special expense, and only the rate 
or rates out of which such expenses are payable may be 
mortgaged for that purpose. 

The total amount of the loans outstanding is not at any 
time to exceed the " assessable " value for two years of the 
premises assessable within the district in respect of which 
such money may be borrowed. By " assessable " must be 
understood " rateable " in this connection. 

Where the sum proposed to be borrowed, together with 
the balances of outstanding loans (if any), would exceed the 
assessable value for one year of such premises, the Local 
Government Board shall not give their sanction to such loan 
until one of their inspectors has held a local inquiry and 
reported to the said Board. 

The loan is usually obtained from the " Public Works 
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Loan Gommissioners/' on the recommendation of the Local 
Goyemment Board. It must be remembered tbat the 
Local Goyemment Board can only recommend, and cannot 
compel. 



2. The Cabbting op Wateb-mains without the 

DiSTBICT. 

Sec. 82 requires a Local Authority, before commencing the 
construction or extension (sec. 54) of any water-main with- 
out the district, to giye three months' notice by adyertise- 
ment in one or more of the local newspapers circulated 
within the district where the work is to be made. Such 
notice is to describe the nature of the intended work, and 
shall state the intended termini thereof, and the names of the 
parishes, and the turnpike roads and streets, and other lands 
(if any), through, across, under, or on which the work is to 
be made, and shall name a place where a plan of the in- 
tended work is open for inspection at all reasonable hours ; 
and a copy of such notice shall be seryed on the owners or 
reputed owners, lessees or reputed lessees, and occupiers of 
the said lands, and on the oyerseers of such parishes, and on 
the trustees, suryeyors of highways, or other persons haying 
the care of such roads or streets. 

Sec. 33 is to the effect that if any objection is raised 
against the intended works the said works must not be 
commenced without the sanction of the Local Goyemment 
Board. 

Sec. 34. " The Local Goyemment Board may, on applica- 
tion of the Local Authority, appoint an inspector to make 
inquiry on the spot into the propriety of the intended work 
and into the objections thereto, and to report to the Local 
Goyemment Board on the matters with respect to which 
such inquiry was directed, and on receiying the report of 
such inspector the Local Goyemment Board may make an 
order disallowing or allowing, with such modifications (if 
any) as they may deem necessary, the intended work." 
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Sec. 285 provides that '* any Local Anthority may, with 
the consent of the Local Authority of any adjoining district, 
execute and do in such adjoining district all or any of such 
works and things as they may execute and do within their 
own district, and on such terms as to payment or otherwise 
as may be agreed on between them and the Local Authority 
of the adjoining district." 

An important issue has arisen in connection with the two 
last clauses, which is clearly set forth in the following 
extract from the Justice of the Peace for May 19, 1894, 
which applies equally to water-mains (sec. 54) : — 

** Query : (2) If one authority desires to carry a sewer 
through land of an adjoining authority, will it be sufiGicient 
to comply with sec. 32, or will it be necessary to obtain the 
consent mentioned in«sec. 285 ? 

" (3) If such consent is necessary, can it be arbitrarily 
withheld by the adjoining authority ? 

'* Answer: (2) We think the consent of the adjoining 
authority must be obtained. Such consent is a condition 
precedent to the works being undertaken. 

'* (3) If the consent is withheld, there is no power of com- 
pelling the consent to be given. It is, therefore, immaterial 
whether or not the consent is arbitrarily withheld, as such 
consent is necessary before undertaking the works." 



3. The Pubohase of Land otherwise than bt 

Agreement. 

A Local Authority, after having complied with the re- 
quirements of sec. 176 (sub-sec. 2), with regard to publica- 
tion and the service of notices, may petition the Local 
Government Board to permit them to put into force the 
Land Clauses Oonsolidation Acts. After receiving such 
petition, and being satisfied that the necessary formalities 
as to publication and service of notices have been complied 
with, the Local Government Board may either dismiss the 
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petition or institute an inquiry. After sucli inquiry the 
Local Groyemmeot Board may grant the petition, with such 
modifications or conditions that the Board may think fit. 



4. The Formation of Special Drainage Districts. 

As stated in Chapter I., the Local Government Board are 
rarely in favour of this step for purposes of water supply 
alone. 

5. The Construction of Lirge Bbsbrvoirs. 

This refers only to reservoirs other than service-reservoirs 
or tanks which will hold not more than 100,000 gallons, and 
therefore rarely applies to questions of rural water-supply. 
The Local Authority is required to properly advertise the 
proposed work in the local newspapers, and if any person 
who would be affected by the intended work lodges an ob- 
jection, the Local Authority may appeal to the Local 
Government Board. After receiving such appeal the Local 
Government Board may institute an inquiry, after which 
they may make an order disallowing or allowing, with such 
modifications (if any), as they may deem necessary, the 
intended work. 

Where a Local Authority make default {inter alia), in 
providing their district with a supply of water (sec. 299), 
and complaint is made to the Local Government Board, the 
Local Government Board, '^if satisfied, after due inquiry, 
that the authority has been guilty of the alleged default, 
shall make an order limiting a time for the performance of 
their duty in the matter of such complaint. If such duty 
is not performed by the time limited in the order, such 
order may be enforced by writ of mandamus, or the Local 
Government Board may appoint some person to perform 
such duty." Similar powers are now given by the Local 
Government Act, 1894 (sec. 16), to County Councils upon 
the complaint of Parish Councils. 
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Before holding an inquiry, the Local GrOTemment Board 
require to be supplied with certain information in the form 
of statistics, plans, estimates, and details. The requirements 
of the Local Goyemment Board as to plans have already 
been dealt with in Chap. XL The remaining information 
has to be supplied upon forms issued for the purpose by the 
Local Goyemment Board, which are filled up by the clerk 
or engineer, according to the nature of the queries. 

The appended form has to be filled up by the engineer of 
the proposed works — 

Works of Water Supply. 

Estimates and Details. 

Name of Sanitary Authority 

In the case of a Bural Sanitary Authority, name of con- 
tributory place for which the works are required . 



Estimate fob Oast-ibok Maiks. 



1. 






S o fl 

"a 



I 






& 



SI 



da 



I. 



CWtS. ItNS. 



3 



cwts. lbs. 



S . 



5g . 



§1, 






I 



£ «. ^ 
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Estimate fob Fittings. 



Description of Work. 


Nos. 


Internal diameter in 
inches of valves, etc. 


Weight of each In 
cwts. and lbs. 


Price for cash com- 
plete. 


Total. 


Remarks. 


Fire*oooks and hydrants 

Casings to fire-cocks and 
hydrants complete 

Slnice-yalves 

Casings to slnice-yalves 
complete 








£ «. d. 











N.6. — Describe the sluice-Talyes, £bre-cocks and hydrants, 
and state if or not the valyes, or any portion of them, are to 
be of gnn-metal. 

Describe the casings and street fittings in detail. 

Fnmish diagrams if they haye been prepared. 



DETAILS OF THE WORKS. 



Headings fob a Detailed Desobiption of the Wobes to 

BE FUBNISHED BY THE EnQINEEB. 

Pum^ng Works. 

1. Sort of engine proposed. 

2. Estimated power of engine. 

3. Estimated weight of coal per hour, per horse-power. 

4. Volume of water to be lifted. 

5. Head to which water is to be lifted. 
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6. Internal diameter of rising-main, in inches. 

7. Calonlated velocity of water in feet per second, through 
the rising-main. 



Impounding and Storage Beservoir, 

1. Area of gathering groond, in acres. 

2. Ayerage annual depth of rainfall. 

3. Sorface area of reservoir when full, in acres. 

4. Greatest depth of water in the reservoir when full, in 
feet. 

5. Total volume when full, in gallons. 

6. Length of hye-wash. 

7. Height of the emhankment ahove top water-level, and 
top width and thickness of tho puddle-wall at bottom and 
at top. 

Covered Service Beservoir, 

1. Area of reservoir in square yards. 

2. Depth of water in reservoir when fall, in feet. 

3. Volume of water in reservoir when full, in gallons. 

N.B. — Describe in writing the proposed mode of con- 
struction of covered reservoirs ; as, also, how the reservoir 
is to be ventilated, lighted, and worked. 

It is not desirable to make the pumping main a supply 
main also, nor should the velocity through any pumping 
main exceed 2 feet per second. 

The whole of the cast-iron pipes and other castings must 
be varnkhed. 

There should not be less than 3 feet in length of bye- wash 
for each 100 acres of gathering ground. 

Add any additional details necessary to a full explanation 
of the proposed works. 

Plans and sections, or tracings of them, together with 
details, must be furnished. 
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Summary. 



Description of work. 



Cost. 



£ «. d. 



ToUIcost. 



£ 8. d. 



Remarks. 



Date- 



Signed- 



N.B. — This form should be signed by the engineer of the 
proposed works. 

At the inquiry the engineer is called upon to describe and 
explain the proposed works, and is frequently subjected to 
a sharp cross-examination upon the details. It is therefore 
necessary that he should be fully prepared upon every point, 
and have his notes in such a form as to be ready for refer- 
ence at a moment's notice. A usefiil method is to use a 
note-book with an alphabetical margin, and to arrange the 
yarious matters alphabetically. This practice will be found 
simple and rapid. Another useful practice is to lay down 
the mains and branches upon a 1-inch Ordnance map 
indicating the positions of reservoirs, tanks, sluice-valves, 
hydrants, etc., and distinguishing' by means of different 
colours the ownership of all lands built upon, passed through, 
or in any way affected by the intended works. 

In conclusion we would urge upon the student the neces- 
sity for careful thought and preparation before advancing 
any scheme for water supply. The details comprehended in 
the profession of a waterworks engineer are innumerable, 
but upon the full appreciation of these details will depend 
his success or failure. A small scheme requires, in its way, 
as much preparation as a largo one, and an error in calculation, 
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which in the latter would be insignificant, might be the ruin 
of the former. 

The habits of careful investigation, unerring accuracy, 
and steady perseverance, combined with a thorough practical 
knowledge, are qualifications which alone will lead to the 
execution of those works with which the engineer may 
afterwards be proud to hear his name associated* 
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Brickwork, cost of, 83 
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CAST-IEON pipes, 124, 173 
, joints for, 124 



, method of jointing, 130 

, testing, 128 
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Cement, Portland, 85 
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, pipes, 132 
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Coal, consumption of, 34 
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, cost of, 85 
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Corrosion, 136 
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Filtration, sand, 115 
Fire-oocks, 141 
Fire-service, 138 
Flood-water, 58 
Forced sale, loss from, 19 

GAEDEN land, valuation, 1 7 
Gas engine, 34 
Ganging flow of water, 61 
Gradient, hydraulic mean, 28, 

71 
Gravel, 86 
Gravitation, 27 

, by means of an orifice, 62 

, surface velocity, 67 

, a uniform channel, 
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a weir, 63 



Gun-metal, 81 

HARDNESS of water, 1 1 4 
Height of waves, 97 
Highway, pipes along, 14, 26, 

147, 200 
Horse-power, 32 
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Hydrants, 141 
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gradient, 28, 71 
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Minerals, valuation of, 18 
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Pipes, cast-iron, testing, 128 
- — , clay, 132 

, lead, 132 

, wrought-iron, 131 

Plans, 69 

, Ordnance, 69 

Plantations, yalnation of, 17 

Precipitation, 114 

Provisional order, 13 

Public inquiries, 197 

Puddle clay, 98 

Pumps, 39 

Purification of water, 113 

EAIN gauge, 56 
Eainfall, disposal, 8 

^ measurement, 54 

Bainwater separator, 169 

, stored, 9, 164 

Bam, hydraulic, 35 
Begulations, waterworks, 156 
Bemoval, 18 
Beservoirs, impounding or 

storage, 91 
Biparian rights, 20 

Q AMPLES,manner of taking, 

Sand, 86 

filtration, 115 

Service reservoirs, 111 

Severance, 18 

Site, special adaptability of, 

16 
Sluice valves, 142 
Sources of water supply, 6 



Special Act, powers conferred 

by, 13 
Specifications, 172 
Springs, 8 
Standposts, 152 
Steam, pumping by, 33 
Steel, 80 
Stone, 82 

Stoneware pipes, 132 
Stop-cocks, 161 
Storage of rain-water, 164 

of water, 88 

^ , calculation, 90 

reservoir, 91 

-, cost of, 107 



Storm water, 58 
Straining screens, 115 
Subsidence, 113 
Supply, daily variation of, 107 
Syphons, 31 



TESTING fittings, 150 
mains, 134 



pipes, 128, 133 



Tin, 81 

Trade fixtures, valuation, 19 

, profit, loss, 19 

Turbines, 36 



UNDEBGEOUND water, 23 
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Upland surface water, 9 



VALUATION of land, 1 6 
Valve tower, 102 
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Virtual slope, 28 



WASTE-WEIE, 105 
Water-power, 35 
Water-wheels, 36 
Waterworks Olanses Act> 
1847, 147 

, 1863, 148 

regulations, 160, 166 

Waves, height of, 97 



Wells, Abyssinian tube, 185 

, Artesian, 184 

, constraction, 186 

, deep, 9, 183 

, shallow or surface, 182 

, specification and esti- 
mate, 187 
Wind power, 37 
Wood, 86 

Woods, valuation of, 17 
Wronght-iron pipes, 131 
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OPINIONS OF THE PRESS. 

" The chapter upon filtration of water is very complete, and the details of constmction well 
illnstrated. . . . The work should be specially valuable to civil engineers engaged in work in 
Japan, but the interest is by no means confined to that locality." — Engineer, 

** It is with great pleasure that we chronicle an addition to the literature of this Important 
branch of engine^ng, and we congratulate the author upon the practical common sense 
shown in the preparation of this work. . . . The plates and diagrams have evidently been pre- 
pared with great care, and cannot fail to be of great assistance to the student." — BuHder. 

** The whole art of waterworks construction is dealt with in a clear and comprehensive 
fashion in this handsome volume. . . . Mr. Burton's practical treatise shows in all its sections 
the fruit of independent study and ihdividual experience. It is lai^ly based upon his own 
practice in the branch of engineering of which it treats."— iSTa^urday Review, 
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THE WORKS' MANAQER'5 HANDBOOK. 

Comprising; Modern Rules, Tables, and Data. For Engineers, Millwrights, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 
Brass Founders, &c. By "W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer's Handbook." Sixth Edition, carefully 
Revised, and Enlarged. In One handsome Volume, medium 8vo, strongly 
bound Iff/O 

Wf^" Th4 Author having eompiUd RuUs and Data for his own us$ in a gruU 
ifaritty of modsm tnginMrin^ work, and having found h$s notes $xtr§m$ly ustful, 
decided to publish them — revised to date — believtng thai a practical work, suited to 

the DAILY KBQUIKKMBNTS OP MODERN ENGINBKRS, WOUld M faVOWObly receivtd, 

'* The author treats every subject from the point of view of one who has collected woricshop 
notes for appUcatien In woricshop practice, rather than from the theoretical or literary aspect. The 
Tolume contains a gnat deal of that kind of information which is gained only by pnctical ezperieoce, 
and is seldom written in boolcs."— TA^ Engimer, June s, 1885. 

" or this edition we may repeat the appreciative reraarlcs we made upon the first and third. 
Since the appearance of the latter very considerable modifications have been made, although the 
total number of pages remains almost the same. It is a very useful roll«>ction of rules. tabUs, and 
workshop and drawing office data."--77i/ Enf^tuer, Mar 10, 1895. (Second Notice.) 

" The volume is an exceedinglyi useful one, brlmml with engineer's netes. memoranda, and 
rules, and well worthy of being on every mechanical engineer's bookshelf."— JflrrAaMica/ fVorld. 

" The information is precisely that likely to be reauired in practice. . . . The work fbtms 
a desirable addition to the library not only of the woras' manager, but of any <»e connected with 
general engineering."— AfimtM;^ ^intmal. 

" Brimful of useful information, stated In a concise form, Mr. Hutton's books have met a 
pressing want among engineers. The book must prove extremely useAil to evety practical maa 
p oss e ssi ng a copr."—PracHcwU Enginetr. 

THE PRACTICAL ENGINEER'S HANDBOOK. 

Comprising a Treatise on Modem Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a large collection of Rules and Practical 
Data relatine to Recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
pr'-bensive Key to the BoarH of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of "The Works' Manager's Handbook 
for Engineers." &c. With upwards of 4.80 Illustrations. Sixth Edition. 
Revised and Enlarged. Medium 8vo, nearly ^60 pp., strongly bound. 18/0 

011^ This Work ts designed as a companion to the Authors "WoRics' 
Manager's Handbook." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publication 
but collected by the A uthor for his own use in the construction of a great variety oj 
Modrrn Enginrkring Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 430 Engravings : and comprises a quantity of tabulated matter of great 
value to all engaged in destgning, constructing, or estimating for Engines, Boilbrs, 

dCfu/OTHKR EnGINKRRING WoRK. 

"We have kept it at hand/or several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quest." 
— Athentrum.. 

" A thomu^hly good practical handbook, which no engineer can go through without learning 
something that will be of service to hinL"-~ManHe Engineer. 

"An excellent >>ook of reference for engineers, and a valuable text-book for students of 
ingineiring. " — Scptstnan 

" This valiiabl«> manual embodies the results and experience of the leading authorities 00 
■Tirrhanical wnginpering:."— ^Mi/A'nf News. 

' The author has roUectrd tojgrpther a surprising quantity of rules and practical data, and has 
ihowii murh jijd^ienr in the selections h^ has m^de. There is no doubt that this book Is 

'»iie of the most useful of its kind published, and will be a very popular compendium." — Enginett, 

" A mass of infnmiarion set down in simple language, and in such a form that it can be ea^ily 
referred to ' anv time. The matter is uniformly good and well chosen, and Is g^'fatly elucid? ed 
^y rhv «UuMnition& The book will find its way on to most engineers shelves, where it will rank as 
>ne ^ f r ti* nt4iet naeful books of reference. " — Prncticai Engtnttr. 

" FuQ of useful information, and should be fouttd on the office shelf of at! practical engineers 
'-Rng-Ush Mechanic. 
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5TEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler*Makers, and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
in the Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 
Fourth Edition, carefully Revised, and Enlarged. Medium 8vo, over 680 p^es, 
cloth, strongly bound. [Just Published. 1 8/0 

W9^ This Work is issusd in conHnuaHon of th$ Suits of Handbooks writtm 
bytiuA uthor, vis. : — " The Works' Manager's Handbook " and " The Practical 
Engineer's Handbook," which art so highly apprtciattd by tnginttrs for iht 
practical naturt of thtir information ; and is constqutntly writttn in tht samt stylt 
at thest works. 

Tht Author btlitvts that tht conctntration, in a convtnitnt form for tasy 
rtftrtnct, of such a largt amount of thoroughly practical information on Sttam- 
Boiltrs, wiu bt of consiatrablt strvict to thost for whom it is tnttndtd, and ht trusts 
tht book may bt dttmtd worthy of as favourablt a rtctption as has bttn accordtd to 
its prtdtctssors. 

" One of the best, if not the best, books on boilers diat has ever been published. The infor* 
matlon is of the rigrht kind, in a simple and accessiUe fenn. So fiur as generation is concerned, tliis 
Is, undoal>tedly, the standard beok en steam pnctice.'—BUctrieal Rtvitw. 

" Every detail, both in boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences; andsuchabookisof the utmost value to the /f«d(rx>ir/f Engineer and Works Manager." 
'^Marine Engineer. 

" There has longf been room for a modem handbook on steam boUen ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
in the construction, design, selection, or use of boilers." — Engineer. 

" The book is of so important and comprehensive a character that it must find its way into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thorougUy 
informed. We strongly recommend the book for the intrinsic value of its caatvati."— Machinery 
Market. 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulse in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templeton, Author of 
" The Enguieer's Practical Assistant," &c., &c Eighteenth Edition, Revised, 
Modernistti, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook,*; "The Practical Engineer's Hand- 
book," &c Fcap. Svo, nearly 500 pp., mth 8 Plates and upwards of 350 Illus« 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 

" In its modernised form Button's * Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes wtUch 
he mk[ht look for in vain in other works. This modernised edition will be appreciated hy all who 
have ieamed to value the original editions of ' Templeton.' "—Englixh Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe theur rise in ufe to this little hook."— BuiUiHg 
News, 

" This familiar text-book— well known to all mechanics and engineers— is of essential service 
to the every-day requirements of engineers, millwrights, and the various trades connected with 
engineering ana building. The new modernised edmon is worth its weight in goid."~'Buiiding 
News. (Second Notice.) 

" This well-known and largely-used book contains information, brought up to date, of the 
tort so usefiil to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be larg^y used in the office and workshop."— 
Mechanical lVi>rld. 

" The publishers wisely entrusted the task of revidon of this popular, valuable, and useful 
tMok to Mr. Hutton, than whom a more competent man they could not have found."— /rvw. 
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"" A deservisdly popular work. It should be in the * oiawer ' of every mechanic.**— flwf /if Jfc 
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For Machine and Boiler Coostmcdon. In Two Parts. Part I. Gbnhkal 
Enginbbring Data. Part II. Boilbk Construction. With 51 Plates and 
numerous Illustrations. By Nelson Folbt, M.I.N. A. Second Editioa, 
Revised throughout and much Enlarged. Folio, half*bound . IM £8 8s« 

PART I.— MBASURBS.— CIRCUMFHRENCPS AND ARBAS, &C.. SQUARBS, CUBBS, 

Fourth powbrs.— Squarb and cubb Roots.— Surf acb op tubbs.— Rbciprocals.— 
Logarithms. — mbnsuration. — spbcific gravitibs and wbights.— work and 
POWBR. — HBAT.— combustion.— Expansion and Contraction.— Expansion of 
GASBS.—STBAM.— Static forcbs.— Gravitation and Attraction.— Motion and 
Computation of Rbsulting Forcbs.— Accumulatbd work.— Cbntrb and Radius 
OF Gyration.— MOMBNT of inbrtia.— Cbntrb of Oscillation.— ELBCTRicmr.— 
Strbngth of Matbrials.— Elasticity.— Tbst Shbbts of Mbtals.— Friction.— 
Transmission of powbr.— Flow of Liquids.— flow of Gasbs.— Air pumps, surf acb 

CONDBNSBRS, &C.— SPBBD OF STBAMSHIPS.—PROPBLLBRS.— CUTTING TOOLS.— FLANGBS. 
— COPPBR SHBBTS AND TUBBS.— SCRBWS, NUTS. BOLT HBADS. dic.— VARIOUS RBCIPBS 
AND MISCBLLANBOUS MATTBR.— WITH DIAGRAMS FOR VALVB-GBAR. BBLTING AND 
ROPBS, DISCHARGB AND SUCTION PiPBS, SCRBW PROPBLLBRS. AND COPPBR PiPBS. 

PART II.— TREATING OF POWBR OF BOILBRS.— USBFUL RATIOS.— NOTBS ON 
CONSTRUCTION. — CYLINDRICAL BOILBR SHBLLS. — CIRCULAR FURNACBS. — FLAT 
PLATBS.— STAYS. — GiRDBRS.— SCREWS. — HYDRAULIC TESTS. — RIVETING. — BOILBR 
SETTING, CHIMNBYS, AND MOUNTINGS.— FUELS, &C.— EXAMPLES OF BOILERS AND SPEEDS 
OP STEAMSHIPS.— NOMINAL AND NORMAL HORSE POWER.- WITH DIAGRAMS FOR ALL 

BOILER Calculations and Drawings of many Varieties of Boilers. 

" Mr. Foley Is well fitted to compile such a work. The dlaflframs ue a gnat featnie of the 
work. It may be stated that Mr. Foley has produced a Tolume which will undoubtedly fulfil the 
dedre of the author and become Indlspensabfe to all mechanical eagintexi."— Marine Engineer. 

" We have carefuDy examined this work, and pronounce It a most excellent reference book 
for the use of marine engineers."- ^''t^mo/ q^ American Socie^ 0/ Naval Engineers. 
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" Professor Goodere has given us a treatise on the steam engine, which will bear compeslson 
with anythine written by Huxley or Maxwell, and we can award it no higher praise."— £M«ii*Mrr. 

*' Mr. Goodeve's text -book is a work of which every young engineer should possess himself." 
-^Mining y<mmal. 
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With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

GooDEVB, M.A. Crown 8vo, cloth 2/6 
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It is a valuable Uttle volume."— JTecAanicMi/ tVerld, 

GAS AND OIL ENGINE MANAGEMENT. 

A Practical Guide for Users and Attendant^ being Notes on Selection, 
Construction, and Management. ^ By M. Powis Bale, M.I M.E., A.M.I.C.E. 
Author of " Woodworking Machinery," &c. Crown 8vo, cloth. 
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THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the En|pneer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 
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A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.E. 

Fifth Edition, zamo, cloth 6/0 

" The best treatise that has ever been published on steam hd^xn." --Engineer, 

THE MECHANICAL ENGINEER'S COMPANION. 

Of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 

auares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron, &c. ; Weights, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst.CE. Fcap. 8vo, doth. 8/6 

"A very useful little vohune. It contains many tables, classified data and memoranda 
generally nsttfiil to engineers."— ^»y fa <i r r. 

"What It Mofasaea to be. * a haiuhr oAoe coanpanloB. givlaff In a tncdnct fotm a variety of 
information UlHiiy to be requited by sBectaanical enginsass In their everydiqraAoe wosk."— A i eOwrv . 
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A HANDBOOK ON THE 5TBAM ENGINE. 

With especial Reference to Small and Medium-sized Engines. For the Use of 
Ensine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Haedbr, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly z,ioo Illustrations. Crown 8vo, 

cloth Net 7/6 

" A perfect encyclopaedia «f the steam engine and its details, and one which must take a per* 
manent place in Engbsh arawin^*offices and workshops."— j4 Foreman PeMem-ntaker. 

" This is an excellent book, and should be in tne hands of all who are interested in the con- 
stractlon and design ei mediiun-sized stationary engines. ... A careM study of its contents and 
the arrangement of the sections leads to the conclusion that there is probacy no other book like It 
in this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete actiievement of this idea."— A'is/MrK. 

" There can be no quesdon as to its value. We cordially commend it to all concerned in the 
design and construction of the steam eag\ti^"— Mechanical W^orld, 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Pownr and Subility. With a chapter on Lightning Conducton, 
By Robert Wilson, A.I.C.E., Author of "A Treatise on Steam Boilers," &c 

Crown 8vo, cloth 8/6 

" A Talaable contribution to the literature of scientific building. "->rA« ButUer, 

BOILER MAKER'S READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Fourth Edition, 480 pp., with 140 Illustrations. Fcap. Svo, half- 

bound 7/0 

" No workman or apprentice should be without this book."— /rvM Trade Circular, 

REFRIQERATION, COLD STORAGE, Si ICE-MAKINQ: 

A Practical Treatise on the Art and Science of Refrigeration, ^v A. J. 
Wallis-Tayler, A.M.Inst.C.E., Author of " Refrigerating and Ice- Making 
Machinery." 600 pp., with 360 Illustrations. Medium Svo, cloth. iW/ 16/0 

*'The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a lai]g^e body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject,"— Steatnship. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable book."— G/ajr^^w Herald, 

THE POCKET BOOK OP REFRIGERATION AND ICE- 

MAKINO. 

By A. J. Wallis-Tayler, A.M.Inst.C.E. Author of " Refrigerating and Ice- 
making Machinery," &c. Third Edition, Enlarged. Small Crown Svo, cloth. 

[Just Published. NetZlQ 

REPRIQERATINQ & ICE-MAKINQ MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown Svo, cloth . . 7/6 

"Practical, explicit, and proftisdy illustrated."— G^^^vw Herald. 

" We recommend the boolc, which gives the cost of various systems and illustrations showing 
details of parts of machinery and general arrangements of complete installations." — Builder. 

** May be recommended as a useful description of the macliinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
subject. —^M^n^er. 

BNQINEERINQ ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. Svo, cloth 12/0 

" This is an excellent and very usefid boolc, covering subject-matter In constant requisition la 
every factory and workshop. . . . The book is invaluable, not only to the young engineer, but 
also to the estimate department of every vmrka."— Builder, 

" We accord the worlc tmqualified praise. The information is given In a plain, stra^tforward 
manner, and bears throughout evidence of the intimate practical acquaintance of the author with 
•vaiy phase of commercial engineering."- AfecAoMica/ IVorld, 
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THE MECHANICAL HANDLING OP MATERIALS. 

A Comprehensive Treatise on Lifting and Conveying Machinery and 
Appliances. By G. F. Zimmer, Consulting Engineer. Super Royal 8vo, with 
over 200 Illustrations. {In the Press. Price about StBJO net. 

H0I5TINQ MACHINERY. 

An Elementary Treatise on. Including the Elements of Crane Constrtiction 
and Descriptions of the Various Types of Cranes in Use. By Joseph 
Horner, A.M I.M.E., Author of '* Pattem>Making," and other Works. 
CrowB 8vo, with 215 Illustrations, including Folding Plates, cloth. Net 7/6 

AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. By A. J . Wallis-Tatlbr, A.M. Inst.C.S. 

With 8x Illustrations. Crown 8vo, cloth 7/6 

" An excellent Tolumc, and a venr good exposition of the various sjrstems of rope tfaroaniarion 
in use, and gives as well not a little valuable infonnation about their working, repair, and manage 
ment We can safely recommend it as a useful general treatise on the sublect."— iiMf«M«ir. 

MOTOR CARS OR POWER-CARRIAQES FOR COMMON 

ROAD5. 

By A. J. Wallis-Tatlbr, A.M.lDst.C.B. axa pp., with 76 Illustrations. 

Crown 8vo, cloth 4/6 

" A work that an engteeer thinking of turning his attention to motor<aniage work, would 
do well to lead as a preliminaiy to startmg operations."— .^M^wtMn'Mtf. 

PLATING AND BOILER MAKING. 

A Practical Handhook for Workshop Operations. By Joseph G. Hornkr, 
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6 

" This work is characterised by that evidence of doee acquaintance with workshop methods 
whkh will render the book exceedingly acceptable to the practical hand. We have no hesitation 
in commending the work as a serviceable and practical handbook on a subject which has not 
hitherto received much attention from those qualified to deal with It in a satisfactory manner.".— 
Mechttnical fVoritU 

PATTERN MAKING. 

Embracing the Main Types of Engineering Constmction, and including 
Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, Screws, 
Machine Parts. Pumps and Cocks, the Moulding of Patterns in Loftm and 
Greensand, Weight of Castings, &c. By J. G. Hornbr, A.M.I.M.E. Third 
Edition, Enlarged. With 486 Illustrations. Crown 8vo, cloth. . Net 7/0 

" A well-written technical guide, evidently written by a man who understands and has piac* 
tised what he has written about. . . . We cordially recommend it to engineering students, jroun^ 
Joonieymen, and others desirous ef being initiated into the mysteries of pattern-making."— ^««/irf«r. 

"An excellent wuk mecutn for the apprentice who denies to become master of his trade." 
—EnfUsh Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary of). Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c. Com- 
prising upwards of 6,coo Defimtions. Edited by J. G. Hornbr, A.M.I.M.E. 
Third Edition, Revised, with Additions. Crown 8vo, cloth . . Net 7/6 

"Just the soit of handy dictionary required by the various trades engaged in mechanical en- 
dneering. The practical engmeering pupil will find the book of great value In bis studies, and every 
f jreman engineer and mechanic shoula have a copy."^BuiU4$i£ News, 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Hornrr, A.M.I.M.E. 
Second Edition, with a new Chapter on Recent Practice. With 184 Illustra- 
tions. Crown 8vo, cloth. [fust Publisked, SIO 

" We give the book our unqualified pndae for its thoroughness of treatment, and recommend 
it to all interested as the most practical book on the subject yet written."— Jtf'ccAaM^o/ IVorid. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Foreign Fure Systems ; Hints on Fire-Brigades, &c. By C F. T. 
Young, C.£. 8vo, cloth gSI 4b. 

" To such of our reiulers as are Interested in the subject of files and fire appeiatus we can 
most heartily commend this \took.''—EHgineer%Mg. 
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ATRIAL NAVIQATION. 

A Practical Handbcok on the Construction of Dirigible Baboons, Aerostats, 
Aeroplanes, and Aeromotors. By Frederick Walker, C.E., Associate 
Member of the Aeronautic In5titute. With 104 Illustrations. Large Crown 
8vo, cloth . . . . • Net 7IQ 

STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By M. Powis 
Bale, M.I. M.E. Second Edition, enlarged. Crown 8vo, cloth . . 9/0 

" The book should be in the hands of ereiy mason or student of stonework."— C«//tfirry 
Guardian. 

" A capital handbook for all who maidpulate stone for buildinflf or onuunental purposes."-^ 
MadUMety Market. 

PUMPS AND PUMPING. 

A Handbook im Pump Users. Being Notes on Selection, Constmction, and 
Management. By M. Powis Bale, M.I.M.E. Fourth Edition. Crown 
8vo, cloth 3/6 

" The matter is set forth as concisely as possible. In fact, condensation rather than diffuse- 
ness lias been the author's aim throughout ; vet he does not seem to tuive omitted anything likely to 
be of use." — youmal oj Gas Lig-kiing, ''■'-? 

" Thoroughly practical and clearly wrtten."— C/iaj^tfW Herald, 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author of * ' Lathe- Work. " With upwards of 300 Engravings. Large crown 8 vo, 

cloth 12/6 

" A new departure in engineerinjg literature. . . . We can recommend this work to all in- 
terested in milling machines ; it is what it professes to be— -a practical treatise."— /s>^tMe«r. 

" A capital and reliable book which will no doubt be of considerable service both to those 
who are ahready acquainted with the process as well as to those who contemplate its adoption."'- 
Industries. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes emplojred in 
the Art of Turning. By Paul N. Hasluck. Eighth Edition. Crown 8vo, 

cloth 6/0 

" Written by a man who knows not only how work ought to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To all turners this book would be valuatde."— 
Engineering. 

" We can safely recommend the work to young engineers. To the amateur it wlU simply be 
invaluable. To the student it will convey a great deal of useful information."— ^Mj^fMcr. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and compltte 

Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 

of " Lathe- Work," &C. Sixth Edition. Waistcoat-pocket size . • 1/6 

" FuD of useful information, hints and practical criticism. Taps, dies, and screwing tools 

generally are illustrated and their action descrioed." — Mechanical h'orld. 

" It is a complete compendium of all the details of the screw-cutting lathe ; In fact, a tnulium- 
iMi-pturvo on all the subjects it treats M^n."— -Carpenter and Builder. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged by Francis Smith. Seventh Edition, Revised, including 
Electrical Tables, FoRMULiB, and Memoranda. Waistcoat -pocket size, 
limp leather. [Just Published. 1/6 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt" — Engineer. 

" The best example we have ever seen of 370 pages 01 useful matter packed into the dimen- 
rions of a card-case. "-~^»itfinf News. " A veritable pocket treasury of knowledge. "'-/r«w. 

POCKET GLOSSARY OF TECHNICAL TERM5. 

English- French, French-English; with Tables suitable for the Architectural, 
Engineering, Manufacturing, and Nautical Professions. By John James 
Fletcher. Third Edition, 900 pp. Waistcoat-pocket size, limp leather 1 ;6 

" It is a very great advantage for readers and correspondents in France and England to have 
io large a number of the words relating to ei^glnecring and manufactures collected m a Uliputkn 
volume. The litde book will be useful both to students and travellers. "-~ji rckitteu 

" The gkMBary ot terms is very complete, and many of the TaUas are nrm mnd well arranged. 
We cordially commend the book. '—Meckantcal IVtrld, 
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THE ENGINEER'S YEAR BOOK FOR 1905. 

Comprising Fonnnlae, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R/Kbmpe, A.M. Inst. C.E., 
M.I.E.E., Principal Technical Officer, Engineer-in*Chief' s Office, General Post 
Office, London, Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket-6«ok," &c. With z,ooo Illustrations, special^ 
Engraved for the work. Crown 8vo, 994 pp., leather. [Just Publish$d. S/O 

"Kempe's Year Book realty requires no commendation. Its sphet« of usefulness is widely 
known, and tt is used by en^neers the world over."— TMt bngineer. 

"The volume is distinctly In adTance of moat similar publications In this country."— 
Engii»uring. 

" This Taluable and well-designed book of teference meets ttM demands of all descriptions <rf 
engineers."— ^So/MTvtejr Review. 

" Teems with up-to-date information In every branch of engineering and oonstrttctSon.'*'^ 
BviUUngrNeuu. 

'* The needs of the engineering p ro fe s sion could hardly be suppUed in a more admirable, 
complete and convenient form. To say that it more than sustains all comparisons b praise of tbe 
highest sort, and that may Justly be said oftL"—MiHi*$£' yottrtuU, 

" There is certainly room for the new comer, which supplies explanatioas and directioii&, as 
wen as formulK and tables. It deserves to become one of the most successfiil of the tt^*'"Vrwl 
innnals. '^A rchitecL 

" Brings together with great skm all the technical information which an engineer has to tise 
day by day. It is in every way admirably equipped, and is sure to prove succeasfiu."— sfe» < r «ww . 

" The up-to-dateness of Mr. Kempe's compilation is a quality that will ixtt be lost on the bosy 
people for whom the work is intended."— (rAur/-(9W Herald. 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 
of Owners and Users of Steam Engines generally. By William Dyson 
Wansbrough. Crown 8vo, cloth 8/6 

** This Is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a fum or elsewhere."— iVar>k Lane Express. 

IRON AND STEEU 

A Work for the Forge, Foundry^ Factory, and Office. Contuning ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers: 
Managers of Bar. Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders ; Mechanical, Mining, and Con* 
suiting Engineers ; Architects, Contractors, Builders, &c. By Charles Hoark, 
Author of"The Slide Rule," &c Ninth Edition, samo, leather . 6/0 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data for the Use of Engineering 
Students, &c By W. G. C. Hughes, A.M.I.CE. Crown 8vo, cloth . 2/6 

" The book Is well fitted for those who are preparing for examination and wish to refresh 
their knowledge by going through their formulae again. —AfarifM Engineer. 

THE SAFE USE OP STEAM. 

Containing Rules for Unprofessional Steam Users. By an Enginsbs. Eighth 

Edition. Sewed 6d. 

" If steam-users would but learn this little book by heart, boiler explosions would become 
sensitlons hy their tvAty,"— English Mechanic. 

THE CARE AND MANAGEMENT OF STATIONARY 

EN0INE5. 

A Pract'cal Handbook for Men-in*charge. By C. Horst. Crown 8vo. N*t 1 /Q 

THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine. By Robert Weather 



BURN, M.I.M.E. With Illustrations and Portraits of George and Robert 
Stbthenson. Crown 8vo, cloth. N€t 2/6 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1903* By Clement E. Strbtton, C.E. Sixth Edition, 
Revised and Enlarged. Crown 8vo, cloth. [Just Published^ fitt 4/6 

" Students of railway history and aO who are Interested In the evolution of the modem 
O'nmiotive «1'1 find m'lch to attract and entertain la this volume. "'^TTk/ Times, 
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TOOLS FOR ENGINEERS AND WOODWORKERS. 

A Practical Treatise including Instruments of Measurement. By Joseph 
Horner, A.M. Inst. M.E., Author of "Pattern Making," "Hoisting 
Machinery," &c. Demy 8vo, with 450 Illustrations. 

[In the Press. Price about 9/0 net 

MODERN MACHINE SHOP TOOLS. 

A Practical Treatise describing in every detsdl the Construction, Operation 
and Manipulation of both Hano and Machine 1 ools ; being a work of Practical 
Instruction^ in all Classes of Machine Shop Practice, includmg Chapters on 
Filing, Fitting and Scraping Surfaces ; on Drills, Reamers, Taps and Dies ; 
the Lathe and its Tools ; Planers, Shapers and their Tools ; Milling Machines 
and Cutters ; Gear Cutters and Gear Cutting ; Drilling Machines and Drill 
Work ; Grinding Machines and their Work ; Haroening and Tempering, 
Gearing, Belting, and Transmission Machinery; Useful Data and Tables. 
By William H. Van Dervoort,M.£. Fourth Edition. Illustrated by 673 
Engravings of Latest Tools and Methods, all of which are fully described. 
Medium 8vo, cloth. \J%tit Pudlisfud. Net 21 /O 

LOCOMOTIVE ENGINE DRIVINQ. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
MiCHABL Reynolds, formerly Locomotive Inspector, L. B. & S. C. R. 
Eleventh Edition. Including a Kbt to thb Locomotivb Engine. 
Crown 8vo, cloth 4/6 

" Mr. Reynolds has suppBed a want, and has supplied it weD. We can confidently i«com> 
mend the boos not only to the practical driver, bat to eveiyone who takes an interest in the 
perfonnance of locomotive engines. "—TA^ Engineer. 

" Mr. Roynolds has opened a new chapter in the literatuie of the day. This admirable 
practical treatise, of the practical utility of which we have to sp«Uc in terms of warm commendation." 
^~Jlt/uHen€m% 



THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and EnginC'Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By Michael Reynolds. Second 
Edition, mth Revised Appendix. Crown 8vo, doth. .... 4/6 

" We should be glad to see this book in the possession of everyone in the Ungdom who has 
' laid, or is to lay, hands on a locomotive engine."— /fv». 



CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 

their Construction and Performance. By M. Reynolds. 8vo, cloth 9/0 

" A popular explanation of the different brakes. It will be of great assistance In Conning 
public opinion, and will be studied with benefit by those who take an interest In the hniab,"'^En£Usk 
Atechanic. 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 

Michael Reynolds. Sixth Edition. With Plates and Woodcuts. 

Crown 8vo, cloth 4/6 

" The author's advice on the various points treated is clear and pt9C^iicaL"~EngineeriH£. 
" Our author leaves no stone unturned. He is determined that his readers sliall not only 
know something about the stationary engine, but all about it."— Engineer, 

ENQINE-DRIVINQ LIFE. 

Stirring Adventures and Incidents in the lives of Locomotive Engine- 
Drivers. By Michael Reynolds. Third Edition. Crown 8vo, cloth . 1/6 

" From first to last perfectly fascinating. Wllkie Collins's most thrilling conceptions are 
thrown into the shade by true incidents, endMss in their variety, related in every page."— AIvrM 
British Man, 

THE ENQINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and numerous Diagrams 
Fourth £diti(»i, Revised. Ro]ral z8mo, strongly hound for pocket wear. 3/6 

" A most meritorious work, giving In a suodnct and practical form all the Information an 
engine-minder desirous of mastering the scientific principles of his daily calling would requiie."— 
TheMiUtr. 
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CIVIL ENGINEERING, SURVEYING, ETC. 
PIONEER IRRIGATION. 

A Manual of Information for Farmers in the Colonies. By E. O. Mawson, 
M.fnst.C.E., Executive Engineer, Public Works Department, Bombay. With 
Additional Chapters on Light Railways by E. R. Calthrop, M.Inst.C.E., 
M.I.M.E. Illustrated by Numerous Plates and Diagrams. Demy 8vo« cloth. 

[ Just Published. Net 1 0/6 
Summary of Contents :— Value of Irrigation, and Sources of Water 
Supply.— Dams and weirs.— Canals.— Underground Watf.r.— methods of Irri- 
CATION.— Sewage irrigation.— impf.rial automatic sluice Gates.— The Culti- 
vation OF irrigated crops. Vegetables, and Fruit Trees.— Light Railways 
FOR Heavy Traffic— Useful memoranda and Data. 

TUNNELLING. 

A Practical Treatise. By Charlbs Prelini, O.K. With additions by 
Charlbs S. Hill, C.E. With 150 Diagrams and Illustrations. Royal 8vo, 
cloth JV#M 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft-sinkingj^and Heading-driving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Simms, 
M. Inst.CE. Fourth Edition, Revised and Further Extended, including the 
most recent (1895) Examples of Sub-agueous and other Ttmnels, bv D. Kinnear 
Clark, M. Inst. C.E. With 34 Folding Plates. Imperial 8vo, cloth £2 2s. 

" The present (1896) edition has been brought right up to date, and is a work to which civil 
engineers should have ready access, and engineers who tiave construction work can hardly afford 
to be without, but which to the younger members of the professioD is invaluable, as from its pages 
they can learn the state to which uie science of tunnelling has attained."— ^at/wox Nemu. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students oi Engineering. 
By W. K. Burton, A. M.Inst.C.E.,^ Consulting; Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Sup^-royal 8vo, buckram. .... 2ff/0 

L INTRODUCTORY. — II. DiPPBRBNT QUALmBS OF WATBR. — IIL QUANTITY OF 

Watbr to bb providbd.— IV. On Ascbrtaining whbthbr a proposbd sourcb of 

SUPPLY IS SUFFICIBNT.— V. ON ESTIMATING THB STORAGB CAPACITY RBQUIRBO 

to BB Providbd.— VI. Classification of Watbr-works.— Vll. Impounding rbsbr- 
voiRS.— VIII. Earthwork Dams.>-IX. masonry Dams.— X. thb purification of 
Watbr.— XI. sbttling rbservoirs.— Xll. Sand Filtration.— XIII. purification 
of watbr by action of iron, Softbning of Water by action of Limb, Natural 
Filtration.— XIV. Sbrvicb or Clban Watbr Rbsbrvoirs— water towers— Stand 
Pipes.- XV. the connection of settling reservoirs. Filter Beds and Sbrvicb 
Reservoirs.- XVI. pumping Machinery.- XVll. Flow of water in Conduits- 
Pipes AND OPEN Channels.- XVlll. Distribution Systems.— XIX. Spbcial Pro- 
visions FOR THB Extinction of Firb.— XX. Pipes for water-works.— XXI. Pre- 
vention OF wastb of Watbr.— XXII. Various appliances used in connectiom 
WITH Water-works. 

appendix I. By Prof. JOHN MILNE. F.R.S.— Considerations concerning thb 
Probable Effects of Earthquakes on Water-works, and thb Special Prb- 
cautions to be taken in Earthquake Countries. 

appendix II. By JOHN DE RIJKE, C.E.— ON SAND DUNBS AND DUMB SAND AS 

A SOURCE OF Water Supply. 

" The chapter apon filtration of water is very complete, and the details of coDstnictkm mfSk 
Illustrated. . . . Tne work should be speciaUy valuable to civil engfineers engaged in work In 
Japan, but the interest is by no means confined to that \oc93xty."—EHginter. 

" We congratulate the author upon the practical commonsense shown in the prepatatloa of 
this woric . . . The plates and oiagrams have evidently been prepared with gttaX care, and 
cannot &dl to be of great assistance to the student."— ^Mt/Ucr. 



RURAL WATER 5UPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 

works for small Country Districts. By Allan Greknwbll, A.M.I.C.E., 

and W. T. Curry, A.M.I.C.£., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth ff/O 

"We consdentloiishr recommend It as a very useful book for those concerned in ohtataiing 
foramaU distrkts, givinf; a great deal of imctical infoimatibn in a small compass."— yfiwiUrr. 



" The volume contains valuable information upon all mattecs connected wuh water snpp^. 
. It is fiill of details on poiats which are continually before water>woiks enginee is ."— A i i<w » . 
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THE WATER SUPPLY OF CITIE5 AND T0WN5. 

By WiLUAM HuMBBK, A. M. Inst. C.E., and M. Inst. M.E., Author of " Cast 
and Wrought Iron Bridge Construction," &c., &c. Illustrated with 50 Double 
Plates, z Single Plate, Coloured Frontispiece, and upwards of 250 Woodcutf, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 

half-bound in morocco I\rtt £6 6s. 

List of Contents :— I. Historical Skbtch of somb op the mbans that have 

BBBN ADOPTED FOR fHB SUPPLY OF WATER TO CITIES AND TOWNS.— II. WATER AND 
THE FOREIGN MATTER USUALLY ASSOCIATED WITH IT.— III. RAINFALL AND EVAPORA- 
TION.— IV. SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS. 
—V. MEASUREMENT AND ESTIMATION OF THE FLOW OF WATER.— VI. ON THE SELECTION 
OF THE SOURCE OF SUPPLY.— VII. WELLS.- VIII. RESERVOIRS.- IX. THE PURIFICATION 

OF Water.— X. Pumps.— XI. Pumping Machinery.— XII. Conduits.— XIII. Distribu- 
tion OF Water.— XIV. Meters, Servicb pipes, and House Fittings.— XV. The Law 

AND economy op WATER-WORKS.— XVI. CONSTANT AND INTERMITTENT SUPPLY.— 

XVII. Description of plates.— appendices, giving Tables of Rates of supply. 
Velocities, &c., &c., together with Specifications of several works illus- 
trated, among which will be found : ABERDEEN, BlDEFORD, CANTERBURY, 

Dundee. Halifax, Lambeth, Rotherham, Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced in English, or 
in any other language. Mr. Humber's work is characterised almost throughout by an 
exhaustlTcness much more distinctiTe of French and German than of English technical treatises." 

THE PROGRESS OF ENGINEERING (1863-6). 

By Wm. HuMBSR, A.M.Inst.C.E. Complete in Four Vols. Containing 148 
Double Plates, with Portraits and Copious Descriptive Letterpress. Impl. 410, 
half-morocco. Price, complete, £1 2 1 Ss. t or each Volume sold separately 
at £3 3s. per Volume. Descriptive List of Contents <m application. 

HYDRAULIC POWER ENGINEERING. 

A Practical Manual on the Concentration and Transmission of Power bv 

Hydraulic Machinery. By G. Crotdon Marks, A.M.Inst.C£. With 

nearly aoo Illustrations. 8vo, cloth. Net 9/0 

Summary of Contents :— principles of Hydraulics.--The Flow of Water.— 
Hydraulic Pressures.— Material.— Test Load.— Packings for Sliding Surfaces. 
—Pipe joints.— Controlling Valves.— platform Lifts.— Workshop and Foundry 
Cranes.— Warehouse and Dock Cranes.— Hydraulic accumulators.— Presses 

FOR baling and OTHBRPURPOSBS.— SHEET METAL WORKING AND FORGING MACHINERY. 

—Hydraulic Riveters.— Hand and Power pumps.— Steam Pumps.— Turbines.— 
MPULSE TURBiNBS.— Reaction turbines.— Design of turbines in detail.— water 
WHEELS.— Hydraulic engines.— Recent achievements.— pressure of Water.— 
Action of pumps, &c. 

" We hare nothing but praise for this thorouglily raluable work. The author has succeeded 
in rendering his subject mteresting as well as KaataMzyxt^" —Practical Engineer. 

" Can be unh^tatingly recommended as a useful and up-to-date manual on hjrdraullc trans 
mission and utilisation of poyrex."— 'Mechanical IVorld. 

HYDRAULIC TABLE5, C0-EFFICIENT5, & FORMULiC. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, C.E., M.R.I. A. Third Edition, revised, with 
additions. Numerous Illustrations. Crown 8vo, cloth ... 1 4/0 
" It b, of all English boolcs on the subject, the one nearest to completeness."— .<<rcAASecA 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 

Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 

Author of "Aid to Survey Practice," "Modern Metrology," &c. Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

"The author has constructed a manual which may be accepted as a trustworthjr guide 
to this branch of the engineer's utoiessiovL"— Engineering: 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa* 

tion (tf Water for the Supply of Towns, for Mill Power, and for other Purposes. 

fiyCHAXLBsSLAGG, A. M.Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6 

" As a small practical treatise on the wat«» supply of towns, and on flooMappttcatloiia of water- 
power, the work Is in many respects excellent."— Zt»y*»i«rMy. 
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THE RECLAMATION OP LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in Works 
of Reclamation. By A. Bbazblkt, M.Inst. C.E. 8vo, doth, /^tt 10/6 
" The book shows in a concise way wtiat has to be done in reclaiming land from the sea, and 
the best way of doing it. The woric contains a great deal of practical and useful infbnnatlon which 
cannot fail to be of seinrice to engineers entrusted with the enclosure of salt marshes, and to land- 
owners intending to reclaim land from thesea."— 73k< Engtnetr. 

'* The author has carried out hts task efficiently and well, and his book contains a large 
amount of information of great service to engineers and others interested in works of reclamation." 
— Nature. 

MA50NRY DAM5 PROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diuram of Forces, &c For the use of Civil and Mining Engineers. By 

C. F. CouRTNBV, M. Inst. C.E. 8vo, cloth 9/0 

" Contains a good deal of valuable data. Many useful suggestions wiQ be found In the 
remarks on site and position, location of dam, foundadons and construction."— Awi^'M^AInvf. 

RIVER BAR5. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublm Port and Docks 
Board. Royal 8vo, cloth 7/6 

" We recominend all interested in harbour works— and. Indeed, those concenied In the 
improvements of rivers generally— Co read Mr. Mann's interMting work."— £M!fijH«cr. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c ; a D^cripbon of the Varieties d 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Ekiition, Thoroughljr Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c By D. Rinnbar Clark, M. Inst. C.E. 
With 400 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The new volume is one which will rank, among tramway engineers and those interested in 
tramway worldng, with the Author's worid-£uned book on railway machinery."— 77b« Bnginter. 

SURVEYING A5 PRACTISED BY CIVIL ENGINEERS 

AND 5URVBV0R5. 

Including the Setting-out of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-buok for Students. By Tohn Whitb- 
LAW, Tun., A.M. Inst. C.E., Author of " Points and Crossings. With about 

260 Illustrations. Demy 8vo, cloth l^tt 1 0/6 

" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice."— /"A; Buiider. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By George W. Usill, A.M.I.C.E. Eighth Edition, 
thoroughl]^ Revised and Enlarged, by Alex Beazelev, M. Inst. C.E. 
With 4 Lithographic Plates and 360 Illustrauons. Large crown 8vo, 7/6 
cloth ; or, on Thin Papek, leather, gilt edges, rounded corners, for pocket use 

12/6 

" The best forms of faistruments are described as to their construction, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author. In 
his experience as surveyor, draughtsman and teacher, has found necessary, and which the student 
In his inexperience will find most serviceable."— £^i^'M««r. 

" The first book which should be put in the hands of a pupil ox Qvil Engineering."— 
Architect. 

AID TO 5URVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur* 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By L. D'A. Jackson, A.M.I.C.E. Second Edition. 8vo, cloth • 12/6 

** Mr. Jackson has produced a valuable vatU-mecMMt for the surveyor. We can recommend 
this book as containmg an admirable supplement to the teaching of the accomplished surveyor."— 
Affutueurn. 

"The anther brings to his work a fortunate anion of theory and practical experience wbtch, 
aided by a clear and faicid style of writing, renders the book a very uaeftu one.""-^t«tfrfir. 
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SURVEYING WITH THE TACHEOMETER. 

A practical Manaal for the ase of Civil and Military Engineers and Surveyors. 
Including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees By Nbil Kennedy, 
M. Inst. C.£. With Diagrams and Plates. Second Edition. Demy 8vo, cloth. 

\Just Published. Net -{QIB 
"The work is rery cleariy written, and should remove all difficulties in the wajr of any surveyor 
desirous of makincr use of this useful and rapid instrument"— TVafHtr. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 

use of Theodolite for Traverse Surveying and plotting the work with minute 

acoxracy by means of Straight Edge and Set Square only ; Levelling with the 

Theodolite, Setting-out Curves with and without the Theodolite, Earthwork 

Tables, &c. By W. Davis Haskoll, C.E. With ntimerous Woodcuts. 

Foturth Edition, Enlarged. Crown 8vo, cloth 1 2/0 

" The book Is very lumdy ; the separate tables of sines and tangents to every minute will make 
useliil for many other purposes, the genuine traverse tables esdsting all the suat,"--Atkeiuguin, 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, with Additions. Large crown 8vo, cloth . . . 9/0 

" This book must prove of great value to the student. We have no hesitation In recom* 
mending it, feeling assured that It wUl more than repay a careful Study."— Mechanical IVorid. 

" A most useful book for the student We can strongly recommend it as a carefully-written 
and valuable text-book. It enjoys a well-deserved repute among surveyors. "^^m^Ajct. 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Ptuposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Tblford's Rules for the same. By 
Frederick W. Simms, M. Inst. C.E. Eighth Edition, with Law's Practical 
Examples for Setting-out Railway Curves, and Trautwinb's Field Practice 
of Laying-out Circular Curves. With 7 Plates and ntmierous Woodcuts. 
8vo 8/6 

" The text-book on levelling in most of our en^fineering schools and colleges."— £»Wfi«er. 

"The publishers have rendered a substantial service to the profession, espeduly to the 
jrounger members, by bringing out the present edition of Mr. Simms's useful vtoxk."'-Enginurin£. 

AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIOONOMBTRICAL 5URVBY. 

For the Formation of Geographical and Topographical Maps and Plans, Mill* 
tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formulae, 
and Tables. By Lieut -General Frome, R.E. Fourth Edition, Reiosed and 
partly Re-written by Major*General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 1x5 Woodcuts, royal 8vo, cloth .... 1 6/0 

" No words of praise from us can strengthen the portion so well and so steadily maintained 
by tUs work. Sir Charles Warren has revised the entire work, and made such additions as were 
necessary to bring every portion of the contents up to the present date."— ^fvouf Arrcw, 

TABLE5 OF TANGENTIAL ANQLE5 AND MULTIPLE5, 

For Setting-out Curves from 5 to aoo Radius. By A. Beazblet, M.Inst.C.£. 
6tn ILdiuun, Revised. With an Appendix on the use of the Tables for 
Measuring up Curves; Printed on 50 Cards, and sold in a cloth box, waistcoat- 
pocket size .••...••. ... 3/6 
** Each uUe is printed on a small card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage as rm^urds the rapidity of woric"— £f^n««r. 

" very handy : a man may know that all his day's work must fall on two of these cards, which 
he pats Into his own card-case, and leaves the rest behind."— ^iM<M«wfN. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Conteatt in Cubic Yards of Ceitre and Slopes of Cuttinjs an<; 
Embankmentt from 3 inches to 80 feet in Depth or Height, for use witu either 
66 feet Chain or xoo feet Chain. By J. H. Watson Buck, M. Inst.C.£. 
On a Shoel mounted in cloth case 8/6 
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EARTHWORK TABLB5. 

Showing the Contents in Cubic Yards of Embankments, Cattinsi, ftc., of 
Heiffhts or Depths ap to an average of So feet. By Joseph BsoADiBirr, C. E., 

and FmANas Campin, C.E. Crown tvo, cloth 5/0 

"The way In whkh accnrKy li attained, by a rimple dlvWon of each crooi Mctiaa Into three 
elements, two In which are constant and one variable. Is Ingeoions."— uf Ammimm. 

A MANUAL ON EARTHWORK. 

By Albx. J. Graham, C.E. With numerons Diagrams. Second Edition. 
x8mo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 

" Manv of the methods gfiven are of extreme practical value to the mason, and the 
tioas on the form of arch, the rules for ordering the stone, and the constnictien of the temj 
will be found of considerable use. We commend the book to the eofineeHng 
BuiUUnf Ntws. 

" Will be regarded bjr civil engineers as of the utmost value, and csicniated to save much 
dme and obviate many mistakes. "—CoUitry GttardiMH. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Fowidations. In 
Three Parts. —Theoretical, Practical, and Descriptive. By William Hum bbr, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im- 
proved, with X15 Double Plates (so of which now first appear in this edition^ 
and numerous Additions to the Text. In 9 vols., imp. 4to, half-bound in 

morocco £6 16a. 6d« 

** A verv valuable contribution to the standard literature ef civil engineetinf . In addition to 
elevations, {Mans, and sections, large scale details are given, which very much enhance ttie 
instructive worth of these Illustrations. "~C#p(/ Mngrinttr and ArckUicfs y«umaL 

"Mr. number's stateljr volumes, lately issued— in whkh the most important bridges 
erected durfaig the last five years, under the direction of the late Mr. Brunei, Sir W. CuUtt, 
Mr. Hawksbaw. Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent 
engineers, are drawn and specified in great detsIL"— fitfilMMr, 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gbokgb 
Watson Buck, M.I.CE. Fourth Edition, revised b^ bis Son, J. H. Watson 
Buck, M.I.CE. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.CE. 

Royal 8vo, cloth 1 2/0 

" The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, 
and It would be impossible to consult a \mAXki."— Engineer. 

" Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested 
the subject of many of the intricacies supposed to belong to it. As a guide to the e ngin ee r and 
architect, on a confessedly diflkult subject, Mr. Buck's work is vaawPpKumd."^-BuUdln£ News. 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth .. ^ ....«•• . 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses m Rood, Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By K. Hudson Graham, CE. Containing 
Dia^ams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0 

*' Mr. Graham's book will find a place wherever graphk and analytic statics an used or 
•tuiUed. "—Engineer. 

" The work is excellent from a practical point of view, and has evidently been piepaied 
with much care. The directions for working are ample, and are illustrated by an abundance of 
well-selected examples. It is an excellent text>book for the practical draughtsman."— ^McPMrvm. 

WEIGHTS OF WROUGHT IRON & 5TEEL GIRDER5. 

A Graphic Table for Facilitating the Compuution of the Weights of Wrought 
Iron and Steel Girders, &c., for Parliamentary 4nd other Estimates. By 
J. H. Watson Buck, M. Inst. CE. On a Sheet 2/6 
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GEOMETRY FOR TECHNICAL STUDENTS. 

An Introduction to Pure and Applied _ Geometry and the Mensiu-ation of 
Surfaces and Solids, including Problems in Plana Geometry useful in Drawing. 
By £. H. Spragub,A.M.I.C.£. Crown 8 vo, cloth. [Just Published. A>/ 1/0 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. ^ Giving Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By 
£. W. Tarn, M. A., Architect. 8vo, cloth - 9/0 

" No book with the same objects in view has ever been published In which the clearness of 
the rules laid down and the illustrative diacrrams have been so satisfactory. "^^co^lrMaH. 

THE GEOMETRY OF COMPASSES. 

Or. Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crown 8vo, cloth 8/6 

EXPERIMENTS ON THE FLEXURE OF BEAMS. 

Resulting in the Discovery of New Laws of Failure by Buckling. By Albert 
£. Guv. Medium Svo, cloth Net QIQ 

HANDY BOOK FOR THE CALCULATION of STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica* 
tion, &c By William Humbbr, A. M. Inst. C.E., &c Fifth Edition. 
Crown Svo, with nearly xoo Woodcuts and 3 Plates, cloth . . . 7/6 

" The formulae are neatly expressed, and the diagrams good,"—AtH€tutHin. 
" We heaxtOy commend this really handy book to our engineer and architect readers."— 
BngrUsk Mechanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking 
Weights, Safe Loads, Scantlings, and Detsuls of Construction. With Complete 
Working Drawings. By William Griffiths, Surveyor. Oblong Svo, cloth. 

4/6 

"This handy little book enters so minutely into every detail connected with the cor- 
struction of roof trusses that no student need be ignorant of these laaxxan."— Practical Enginur. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Shbilds, M.I.C.E. 
Svo, cloth 6/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, kc. By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldy; and 
Formulae for calculating Girders, &c. Edited by Wm. Humbbr, A. M.I.C.E. 
Svo, 400 pp., with 19 Plates and numerous Woodcuts, cloth . . .1 8/0 

" Valuable alike to the student, tyro, and the experienced practitioner, it will alwasrs rank 
in future as it has hitherto done, as the standard treatise on that particular subject"— £»v^£H«<r. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De- 
scription of Modem Appliances and Systems. By Clement E. Stretton, 
C.E. With Illustrations and Coloured Plates. Third Edition, Enlarged. 

Crown Svo, cloth 3/6 

"A book for the engineer, the directors, the managers; and, in short, all who wish for 

information on railway matters will find a perfect encyclopaedia in ' Safe Railway Worldng.' "— 

Raihuay Review. 

EXPANSION OF STRUCTURES BY HEAT. 

By John Kbilv, C.E., late of the Indian Public Works Department. Crown 

Svo, cloth 8/6 

" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or 
architect can find Imt little reUable and comprehensive data in books."— ^MtAier. 
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PUBLICATIONS OF THE ENGINEERING 
STANDARDS COMMITTEE. 



The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B.. to inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee is supported by the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, and the Institution of Electrical Engineers ; 
and the value and importance of its labours has been emphatically 
recognised by his Majesty's Government, who have made a liberal grant 
from the Public Funds by way of contribution to the financial resources of 
the Committee. 

The subjects already dealt with, or under consideration by the 
Committee, include not only Rolled Iron and Steel Sections, but Tests 
for Iron and Steel Material used in the Construction of Ships and their 
Machinery, Bridges and General Buildmg Construction, Railway Rolling 
Stock Underframes, Component Parts of Locomotives, Railway and 
Tramway Rails, Electrical Plant, Insulating Materials, Screw Threads and 
Limit Gauges, Pipe Flanges, Cement, &c. 

Reports already Published : — 

1. BRITISH STANDARD SECTIONS. 

List z. Equal Angles — List a. Unequal Angles. — Lists. Bulb Angles. 
List 4. Bulb Tees.— List 5. Bulb Plates.— List 7. Channels.— List 8. 
Beams, F'cap. folio, sewed. [fust Published, Net I/O 

2. BRITISH STANDARD TRAMWAY RAILS AND FISH 

PLATE5: STANDARD 5HCTIONS AND SPECIFICATION. 

F'cap. folio, sewed. \Just Published, Net 21 /O 

3. REPORT ON THE INFLUENCE OF GAUGE LENGTH 

AND SECTION OF TE5T BAR ON THE PERCENTAGE OF 
ELONGATION. 

By Professor W. C, Unwin, F.R.S. F'cap. folio, sewed. 

ijust Published, Net 2/6 

4. PROPERTIES OF STANDARD BEAMS. 

Demy 8vo, sewed. {Just Published. Net 1 /O 

6. PROPERTIES OF BRITISH STANDARD SECTIONS. 

Embracing Diagrams, Definitions, Tables, and Formulae Demy 8vo, cloth. 

[/«j/ Published. Net 6/0 

7. BRITISH STANDARD TABLES FOR COPPER CON- 

DUCTORS AND THICKNESSES OF DIELECTRIC. 

F'cap. folio, sewed. \, Just Published. Net ^JS 

8. BRITISH STANDARD SPECIFICATION FOR TUBU- 

LAR TRAMWAY POLES. 

F'cap. folio, sewed. [Just Published. Net 6/0 

9 BRITISH STANDARD SPECIFICATION AND SEC- 
TIONS FOR BULL HEADED RAILWAY RAILS. 

F'cap. folio, sewed. [Just Published. Net 1 0/6 

BRITISH ENGINEERING STANDARDS CODED LIST. 

Rolled Sections for Constructional Iron and Steel Tram Rails. Compiled by 
Robert Atkinson. 476 pp., 410, cloth. Net 0,110 
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MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION, ETC. 



MARINE ENGINES AND BOILERS. 

Their Design and Construction. A Handbook for the 'Use of Students, 
Engineers^ and Naval Constructors. Based on the Work " Berechnung urd 
Konstruktion der Schiffsmaschinen und Kesselj" by Dr. G. Bauer, Engineer* 
in-Chief of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second 
German Edition by E. M. Donkin, and S. Bryan Donkin, A.M.I.C.E. 
Edited by Leslie S. Robertson, Secretary to the Engineering Standards 
Committee, M.I.C.E., M.I.M.E., M.I.N.A.. &c. With numerous Illustrations 
and Tables. Medium 8vo, cloth . [Nearly Ready, Price about 32/- ^ft- 
Summary of Contrnts :— PAkT I.— MAIN ENGINES.— Dbtbrmination op cylin- 
der Dimensions.— The Utilisation of Steam in the engine.— stroke op piston. 
—Number of revolutions.— turning moment.— Balancing op the moving Pa&ts. 
—Arrangement op Main Engines.— Details of Main Engines.— the Cylinder.— 
Valves.— Various kinds of Valve Gear.-Pisto»i Rods.— Pistons.— Connecting 
Rod AhD Crosshead.— Valve gear Rods.— Bed Plates. — Engine Columns,— 
Reversing AND turning Gear, part II.— pumps.— Air, CiRruLATiNc Feed, and 
auxiliary Pumps, part hi.— shafting, k esistance of ships, propellers. 
— Thru«-t shaft and thrust Block.— tunn»l Shafts and >lummer Blocks.— 
Shaff Couplings.— Stern Tubf.— The Scrbw Propeller.— Const kuution of the 
Screw, part IV.— pipes and CONNECTIONS.-Genbral REMAVK.S FLAhGis, 
Valves, &c.— Under Water Fittings.— Main steam, aixiliary steam, and 
t XHAUST Piping —Feed water, Bilge. Ballast and Circulating Pipes. PART v.— 

STEAM BOILER.*?.- FIRING AND THE GENERATION OP STEAM.— CYLINDRICAL fiOIIBP.S 

— LOCOMOTIVE Boilers. -Water-Tube Boilers. — Small Tube water-tube 
Boilers.— f moke Box.— funnel and Boiler Lagging.— Fo»ced Draught.— boiler 
FlTTWr.SAND MnuNTIKGS. PART VI.— MEASURING INSTRUMENTS. PART Vll.— 
VARIOUS DETAILS.— Bolts, Nuts, screw threads, &c.- Platforms, grating.*. 

Ladders. — Found \t ions. — Seatings. — Lubrication ventilation of Engine 

Rooms.— Rules for spare Gear, part viii.— additional tables. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK 

Of Formulae, Roles, and Tables, and Marine Engineer's and Surveyor Handy 
Book of Reference. By Clement Mackrow, M.I.N. A. Eighth Edition, 
carefully Revised and Enlarged. Fcap., leather . . . Net 1 2/6 

SUMMARY OF CONTENTS :— SIGNS AND SYMBOLS, DECIMAL FRACTIONS.— TRIGO- 
NOMETRY.— PRACTICAL Geometry.— MENSURATION.— CENTRES and moments ok 
Figures. —MOMENTS op inertia and radii Gyration.— algebraical Expressions 
FOR SIMPSON'S rules.— Mechanical Principles.— centre of Gravity.— Laws op 
Motion. —Displacement, Centre of buoyancy.— Centre op Gravity of Ships 

HULi Stability curves and Metacentres.— Sea and Shallow-water Waves. 

—Rolling of ships.— propulsion and Resistance of Vessels.— speed trials.— 
Sailing, Centre or Effort.— Distances down Rivers, Coast Lines.— steering and 
Rudders of Vessels.— Launching Calculations and Velocities.— weight of 
Material and Gear.— Gun Particulars and Weight.— Standard Gauges.— 

RrvBTED Joints and Riveting strength and Tests of Materials.— Binding 

AND Shearing Stresses. — strength of Shafting, Pillars, Wheels, &c. — 
Hydraulic Data, &c. — Conic Sections, Catenarian Curves. — Mechanical 
Powers, work.— board of Trade Regulations for Boilers and Engines.— Board 

OP TRADE regulations FOR SHIPS.— LLOYD'S RULES FOR BOILERS.— LLOYD'S WEIGHT 
OF CHAINS.— LLOYD'S SCANTLINGS FOR SHIPS.— DATA OF ENGINES AND VESSELS.— 

SHIPS' FrrriNGS and Tests.— seasoning Preserving Timber.— Measurement of 
Timber.— ALLOYS, Paints, Varnishes.— Data for Stowage.— Admiralty Trans- 
port Regulations. — Rules for Horse-power, screw propellers, &c.— Per- 
centages FOR Burr Straps.— particulars of Yachts.— Masting and Rigging. 

— Distances OP Foreign ports.— tonnage Tables.— Vocabulary of French and 
English terms.— English weights and measures.— foreign weights and Mea- 
sures.— decimal EQUIVALENTS.— Useful numbers.— Circular Measures.— areas 
OP AND Circumferences op Circles.— areas of segments of Circles.— Tables 
OP Squares and cubes and roots of numbers.— tables of Logarithms of Num- 
BERS.— Tables of hyperbolic logarithms.— Tables op Natural Sines, Tangents, 
—Tables op logarithmic Sines. Tangents, &c. 

" In these days of advanced knowled|^ a werk like this is of the greatest value. It contains 
a vast amount of intonnation. We unhesitatingiy say that It is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, seaman, 
wood or iron shipbuilder, can afford to be without this work."— AaM/luw/ MagaMint. 

" Should M used by all who are engaged in the construction or design of vessels. . . . WiU 
be found to contain the most useful tables and formulae required by shipbuilders, collected from the 
best authorities, and put tc^gether in a popular and simple forau. It is of exceptional merit."— 
Bngineer. 

" A pocket-book of this deeciiptlon must be a necessity in the shipbuilding trade. It con- 
tains a maag of uMfid informatio& dearl}- expressed and presented in a bandy ixxxm." —Marine 

UHgiHttUtt 
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WANNAN'5 MARINE ENQINEBR'5 GUIDE 

To Board of Trade Examiiuitioiis for Cortifioatet of Competency. Containii^ 
all Latest Questions to Date, with Simple, Clear, and Comet Solntions ; 
jrtB Elementary Questions with Illustrated Answers, and Verbal Questions 
alid Answers ; complete Set of Drawings with Statements completed. By 
A. C. Wanman,C.E., Consulting EngineCfi and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. With numerous Engravings. Third 
Edition, Enlarged. 500 pages. Large crown 8vo, cloth . . ^et 1 0/6 
" The book is clearhr and plainly written and avoids unnecessary en>lanations and fonnulas, 
and «• consider it a valuable book for studentt of marine engineering."— A^aN/toii MagmMine, 

WANNAN'S MARINE ENQINEER'5 POCKET-BOOK. 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wanman. Third Edition, Revised, Enlarged, and Brought up to 

Date. Square x8mo. with thumb Index, leather . « . • . 5/0 

" There Is a mat deal of useful information in tliis little pocket-book. It is of the rule-of- 
thumb order, and is. on that account, well ada p ted to the uses of the se»>going engineer. "-» 
EngiMter, 

THE SHIPBUILDING INDUSTRY OF GERMANY. 

Compiled and Edited by G. Lbhmann-Felskowski. With Coloured Prints, 
Art Supplements, and numerous Illustrations throughout the text. Super- 
royal 4to, cloth. \J%st Publuhea, Net \Qi% 

5EA TERM5, PHRA5E5, AND WORD5 

(Technical Dictionary of) used in the English and French Languages 
(English- French^ French-English). For the Use of Seamen, Ennneers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. riutix, late of 
the African Steamship Company. Fcap. 8vo, cloth limp ff /O 

" TMs volume will be highly appreciated by seamen, engineers, pilots, shlpbvildei* and shlp- 
ownen. It wUl be found wonderftiliy accurate and complete. ^-^Snu mt ut. 

MARINE ENGINEER'5 POCKET-BOOK. 

Consisting of useful Tables and Formulm. By Frank Pxoctos, A.I.N.A. 

Third Edition. Royal 32mo, leather 4/0 

** We recommend it to our readers as going far to supply a long-felt wanL"— ASews/ Seienct, 
" A most useful companion to all marine eoglneeKS."— {mtfAecf Stnric* 1 



ELEMENTARY MARINE ENGINEERING. 

A Mantial for Young Marine Engineers and Apprentices. By J< S. Brewbr. 
Crown 8vo, cloth • • 1 /6 

PRACTICAL NAYIGATION. 

Consisting of Thb Sailor's Sba-Book, by J. Grbbnwood and W. H. 
RossBR ; with Mathematical and Nautical Tables for Working the Problems, 
by H. Law, C.E., and Professor J. R. Young. x2mo, half-bound . 7/0 

THE ART AND SCIENCE OF 5AILMAKING. 

Bt Samubl B. Sadlbr, Practical Sailmaker, late in the employment kA 
Messrs. Ratsey and Lapthome, of Cowes and Gosport. Plates. 4to, cloth. 

12/6 
" This extremely practical worle glres a complete education In all the branches of the manu. 
f acture, cutting out, roi^ng, seaming, and goring. It Is copioudy Illustrated, and will form a fiiat- 
rate teoct-book and fs^iiAit: --PortsinotUk Timts. 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c.. Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links. Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c By 
Thomas W. Traill, F.E.R.N., M.Inst.CE., Engineer-Surveyor-in-Chiet, 
Board of Trade, Inspector of Chain Cable and Anchor Proving listablishments, 
and General Superintendent, Llojrd's Committee on Proving Establishments^ 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

dot** £2 2«. 

*' It -ontalns a vast amoant of valuable Information. Nothing seems to be wanting to owkie It 
• complete and standard work of reforeoce on the sut^cct."— A'tMcMos/ Mugwrinu 



MINING, METALLURGY, 6* COLLIERY WORKING. 19 

MINING, METALLURGY, AND 
COLLIERY WORKING. 



THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETROLBUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description of the TheorY and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Bebby Thompson, A.M.I.M.E., late Chief Engineer and Manager of 
the European Petroleum Company's Russian Oil Propet-ties. About 506 pp. 
With numerous Illustrations and Photographic Plates, and a Map of the 
Balakhany-Saboontchy«Romany Oil Field. Super«royal 8vo, cloth. 

[Just Published. Ngt £8 3«. 

MACHINERY FOR METALLIFEROUS M1NE5. 

A. Practical Treatise for Mining Engineers, Metallurgists, and Managers of 

Mines. By E. Henry Davibs, M.E., F.G.S. 600 pp. With Folding Plates 

and other Illustrations. Mediuih 8vo, cloth .... Net 26/0 

/' Deals exhaustively «rith the many and complex details which go to make up the sum total of 
machinery and other requirements for the successful working of mfetcilliferous mines, and as a book 
ol ready reference is of the highest value to mine managers and directors."— A/<*»f>^ journal. 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johannesburg), M.N.E.I.M.E., Consulting Ehgineet to 
the General Mining and Finance Corporation, Ltd., of London, Berlin, PariSj 
and Johannesburg. Ftilly Illustrated with Diagrams and Folding folates. 

Royai 8vo, buckram Net QBIO 

*' Mr. Denny by confining himself to the consideration of the future of the deep-level mines 
of the Rand breaks new ground, and by dealing with the subject rather from a commercial stand- 
point than from a scieittlfic one, appeals to a wide circle of teaders. The book camiot fail to prove 
of very great value to investors in South African mines."— ^mtM^ journal. 

PROSPECTING FOR GOLD. 

A Handbook of t'ractical Information and Hints for Prospectors based on 
Personal Experience. By DaniblJ. Rankin, F.R.S.G.S , M:.R.A S 1 formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pecting Expeditions. With Illustrations specially Drawn and Engraved for 
the Work. Fcap. 8vo, leather Net 7/6 

"This well-compiled book contains a collection of the richest gems of useful knowledge for 
the prospector's benefit. A special table is given to accelerate the spotting at a glance of minerals 
associated with gQld^—Afinin^yournai. 

THE METALLURGY OF GOLD. 

A Practical Treatise on the Metalltirgical Treatment of Gold-bearing Ores. 

Including the A^aying, Melting, and Refining of Gold. By M. Eisslbr, 

M. Inst. M.M. Fifth Edition, Enlarged. With over 300 Illustrations and 

numerous Folding Plates. Medium 8vo, cloth .... Net 21 /O 

'* This book thoroughly deserves its title of a ' Practical Treatise.' The whole process of gold 

mining, from the breaking of the quartz to the assay of the bullion, is described in dear aad orcwrly 

narrative and with much, Dut not too much, Ailness of denxiL"—Saturday Review. 

THE CYANIDE PR0CE55 OF GOLD EXTRACTION. 

And its Practical Application on the Witwatersrand Gold Fields and elsewhere. 
By M. Eisslbr, M. Inst. M.M. With Diagrams and Working Drawings. 
Thixd Edition, Revised and Enlarged. 8vo, cloth .... Net 7/6 

** This book is iust what was needed to acquaint mining men with the actual working of a 
process wliich is not only the most popular, but is, as a genmal rule, the most successful for the 
extntctk» of gold from tailings."— Afitfrnn^ youmal, 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modem Diamond Core Drills in Pro* 
fleeting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Dennt, M.N.E. Inst. M.E., 
M. Inst. M.M. Meditun 8vo, z68 pp., with Illustrative Diagrams . 1 2/6 

•• There is certainly scope for a work on diamond drilling, and Mr. Denny deserves grateful 
ecognition for supplying a decided ^^^"—Mininsr yourmu. 

B 8 
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GOLD A55AY1NQ. 

A Practical Handbook, giving the Modus Operandi for the Accurate Assay o^ 
Auriferous Ores and Bullion, and the Chemical Tests reauired in the Processes 
of Extraction by Amalgamation, Cyanidation, and Cnlorination. With an 
Appendix of Tables and Statistics. By H. Joshua Phillips, F.I.C, F.C.S., 
Assoc.Inst.CE., Author of "Engineering Chemistry," etc With Numerous 
Illustrations. Large Crown 8vo, cloth. [Just Published ^ Net 7 IS 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Mbbritt, 
M.N.E. Inst. M.E., A.R.S.M., &c With Photographic t'lates and other 

lUtistrations. Fcap. 8vo, leather Net 5/0 

" At an instructor of prospectors' classes Mr. Merritt has the adrantaf^ of knowing 
exactly the information likely to be most valuable to the miner in the field. The contents cover 
all the details of sampling and testmg gold and silver ores. A usefial addition to a prospector's 
kit."— AfiktMsr yeurHal. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal- Bearing or other 

Valuable Minerals. By J. W. AndSrson, M.A. (Camb.X F.R.G.S. Tenth 

Edition. Stnall crown 8vo, S/6 cloth ; or, leather .... 4/6 

" win supply a much'ftit want, especially amooc Colonists, in wbost way are so often thrown 

many mineralofical specimens the value of which it Is difficult to detennine."— f V^teccr. 

** How to find commercial minerals, and how to idendfy them when thqr are found, ue the 
leading poinu to wUch attention Is diiectedi"— JMpU^ ycurHaU 

THE METALLURGY OP SILVER. 

A Practical Treatise on the Amalgamadoo, Roasting, and Lixiviatiati of Silter 
Ores. Including the Assaving, Melting^ and Refining of Silver Bnllioo. By 
M. EissLBK, M. Inst. M.M. Third Edttioo. Crown 8vo, cloth . 10/0 

** A practical treatise, and a technical work which we are convinced wiH suppty a toog-Celt 
want amongst practical men, and at the same time be of value to atudants and ooiels Hidiiectly 
connected with the industries."— Anic^Nf y^umal. 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro«Metalltufgical Treat* 

ment of Cupriferous Ores, Including the Manufacture of Copper vitriol, with 

Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 

By M. EissLER, M. Inst. M.M. 8vo, doth .... iV<f#12/6 

" In this volume the various processes for the extraction of copper by wet methods are fully 
detailed. Costs are given when available, and a great deal of useful iiifermation about the copper 
industry of the world is presented in an interesting and attractive manner."— Af^n/Mf youmat. 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smeldng of Silver-Lead Ores and the Refining ot 
Lead Bullion. Including Reports on various Smelting Establishments and 
Dttcriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLER, M. InsL M.M. Crown 8vo, cloth .... 12/8 
" The numerous metallurgical processes, which are fully and extenriveiy treated of, embrace 

all the stages experienced in the passam of the lead from the various natural states to its issae ten 

the refinery as an article of commerce. —/Vac<l»ca/ Engineer. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davibs, F.G.S. Sixth Edition, thoroughly Revised and much 

Enlarged by his Son, E. Hknrt Daviss, M.E., F.G.S. 6oo pp., with 173 

Illustrations. Large crown 8vo, cloth Ntt 1 2/Cl 

" Neither the practical miner nor the general reader, iateiested in minei, caa have a better 
\xxlk. for his compamon and his guide."— i/m«Mif yo umal , 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davibs, F.G.S. , Author of " Metalliferous Minerals," &c Third 

Edition, Revised and Enlarged by his Son, E. Hbnrt Davibs, M.E., F.G.S. 

With about zoo Illustrations. Crown 8vo, cloth . . . . - . 1 2/8 

*' We do not remember to have met wldi any HngHrii work on mioing matten that contains 
the same amount of information padced in aqoal^ oenvenient foiai."— i^aMmfy. 

BRITISH MINING. 

A Treatise on the Hbtory, Discovery, Practical Development, and Futim 
Prospects of Metalliferous Mines in the United Kbgdom. By RobbxY 
Hunt, F.R.S., late Keeper of Mining Records. Upwards of 050 pp., with 
sjo lUustratioDS. Second Edition, Revised. Snper-royal &vo, doth £2 S^a 
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POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rnles, FormubB, Tables, and Notes for Use in Field and Office 
WorkJ By F. Danvbrs Power, F.G.S., M.B. Second Edition, Corrected. 
Fcap. 8vo, leather 9/0 

"This excellent book Is an admirable example of its kind, and oufrht to find a aige sale 
amongst English-speaking: prospectors and mining engineers."— Am^mmWmj'. 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c For the Use of Students and others interested 
m Mining Matters. Compiled by John Milnb, F.R.S., Professor of Mining 
in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7/6 
" Professor Milne's handbook is sure to be received with favour by all connected with 
mining, and will be extremely popular among students."— ^/A^mamm. 

IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumjnng Machinery. By Stephen Michbll. Second Edition, Re*written 
and Enlarged. With 250 Illustrations. Royal 8vo, cloth . Net 25/0 

HORIZONTAL PUMPING ENGINES.— ROTARY AND NON-ROTARY HORIZONTAL 

ENGINES SIMPLB AND COMPOUND STEAM PUMPS.— VERTICAL PUMPING ENGINES.— 

ROTARY AND NON-ROTARY VERTICAL ENGINES.— SIMPLE AND COMPOUND STEAM 
PUMPS. — TRIPLE-EXPANSION STEAM PUMPS. — PULSATING STEAM PUMPS. — PUMP 

Valves.— Sinking pumps. Sec., &c. 

"This volume contains an immense amount of important and interesting new matter. 
Tlie book should undoubtedly prove of great use to all who wish for information on the sub- 
cct."— r** Engineer. 

ELECTRICITY AS APPLIED TO MINING, 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor 01 
Coal Mining- at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I.M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University ; and Herbert Perkin, M.I.M.E., Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

Net 9/0 
For Summary of contents, see page 23.) 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal- 
Mining Students preparing for First-class Certificates. B^ Calbb Pamblt, 
Mining Engineer and Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. With over 1,000 Diagrams, Plans, and other Illustra- 
tions. Fifth Edition, Carefully Revised and Greatly Enlarged. 1,200 pp. 
Medium 8vo, cloth. [J^t Published. Net £1 5s. 

GROLOGY SEARCH FOR COAL.— MiNBRAL LBASBS AND OTHBR HOLDINGS.— 

SHAFT SINKING.— FITTING UP THB SHAFT AND SURFACB ARRANGBMBNTS.— STBAM 

boilbrs and thbir fntings.— timbbring and walling.— narrow work and 
methods of working. — underground conveyance. — drainage.- the gases 
met with in mines ; ventilation. — on the friction op alr in mines. — the 
Pribstman Oil engine ; Petroleum and Natural Gas. — surveying and 
Planning.— Safety Lamps and Firbdamp Detectors.— Sundry and Incidental 
operations and appliances.— colliery explosions.— miscellaneous questions 

AND KNSW&VtS.— Appendix: SUMMARY OF REPORT OF H.M. COMMISSIONERS ON 

ACCIDENTS IN Mines. 

" Mr. Pamely's work is eminently suited to tlie purpose or which it is intended, brin? dear, 
i nte te sUn g, exhausdTe, rich in detail, and up to date, giving descriptions of the latest machines in 
erefy department. A mining engineer could scarcely go wrong who followed this wotk."—(MUery 
Guardian, 

" Mr. Pamely has not only given ns a comprehenstre lefeience book of a very liigh order 
suitable to the requirements of mming engineers and ctdliery managers, but has auo provided 
mining students with a class-book that is as mteiesting as it is instructive."— C^//^^ Managtr. 

"TUs is the most complete 'all-round' woiic on coal-mtnlng pnbiiAed Ih the English 
language. ... No Ubnry of coal-mining books is complete without it"— Ctf/Mcry Engineer 
ScrantOQ, Pa., U.S.A.). 
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PRACTICAL COAL-MININQ. 

An Elementary Class-Bcok for the Use of Students attending Classes in Pre- 
paration for the Board of Education and County Council Examinations, or 
Qualifying for First or Second Class Colliery Managers' CertificateSt By 
T. H. CocKiN, Member of the Institution of Mining (Engineers, Certificated 
Colliery Manager, Lecturer on Coal-Mining at Sheffield^ University I ollege. 
With ^[ap of the Hritish Coal-fields and over 200 Illustrations specially Drawn 
and Engraved for the Work. Crown 8vo, 440 pp. [Just Published. Net 4 '6 

COLLIERY WORKING AND MANAGEMENT. 

Comprising the Duties of a Colliery Manitf er, the Oversight and Arrange- 
ment of Labour and Wages, and the dinerent Systems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Rkdmatnb. 350 pp., with 
98 Plates and other Illustrations, including Undergroond Photographs. 
Medinm 8vo, cloth. 1 5/0 

"This Is, indeed, an adndnble Handbook for CoDlerr Manageis, In fact It Is an huUspensable 
a4)tnict to a CoOiery Manager's education, as wdl as beincr a most useftil amd InteraBtfng wovk 
on the subject for all who in any way hare to do with coal mimng. The undeiBiound photographs 
aie an attracthre feature of the work, being veiy lifallke and necessarily true representations of the 
scenes they de[^"— C«//wf7 GMtrtUan. 

" Mr. Buhnan and Mr. Redmayne, an to be congratulated on baring sappHed an aiitfaoiita> 
tive woriE dealing with a side of the subject of coal mining which lias hlthefto recelTed but scant 
treatment. The iUustzatlons are excellent."— ^a/Mf«. 

COAL AND COAL MINING. 

By the late Sir Waringtoh W. Smtth, M.A., F.R.S. Eighth Edition, 

Revised and Extended by T. Fosster Brown, Chief Inq>ector of the Mines 

of the Crown and of the Duchy of Cornwall. Crown 8vo, doth. . 3/6 

"As an outline is given of erenr Imown coal-field in this and other countries, as we& as of the 

principal methods of working, the book wiD doubtless interest a very large number of raaden."— 

Mining yottmaU 

N0TE5 AND PORMULiC FOR MINING 5TUDENT5. 

By TOHN HxRMAM Mbrivalb, M.A., Late Professor of Mining in the Dorham 
College of Science, Newcastle-upon-Tjme. Fourth Edition, Revised and 
Enhurged. By H. F. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6 

" The author has done his work in a creditable manner, and has produced a book that wiD 
be of senrice to students and those who are practically engaged in mining operations."— ^MsriMeer. 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowbs, D.Sc., LchuL, 
F.I.C. With a Chapter on Thb Dbtbction and Mbasurbmbnt op Pbtro- 
LBUif Vapour, by Bovbrton Rbdwood, F.R.S.E. Crown 8vo, cloth. N«^ 5/0 

" Profewor Qowes has given us a Tolume on a subject of much industrial Impoitance . . . 
Those faiterested in these matters may be recommended to study this book, which is eaqrof compre* 
hension and contains many good things*"— 77k Bnginttr. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Descriptlim of the Coal Fields, and of the Principal Seams of 
Coal^ with Returns of their Produce and its Distribution, and Analvses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Meads. 8vo, cloth . . £1 8«. 
" A book of reference which no one engaged in the iron or coal trades should omit from 
his library."— /roM and Coai Tradts Review. 

A5BE5T05 AND A5BE5T1C. 

Their Properties. Occurrence, and Use. By Robert H. Jonbs, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth. . 1 6/0 
" An Interesting and invaluable work."— Colliery GuartUan. 

GRAN1TE5 AND OUR GRANITE INDUSTRIES. 

By Georgb F. Harris, F.G.S. With Illustrations. Crown 8vo, cloth 2/6 

TRAVERSE TABLES. 

For use in Mine Surveying. By William Ltntern, C.E. With two plates. 
Small crown Svo, doth • . . . . iVr/ 3/0 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, ETC. 



THE ELEMENTS OF ELECTRICAL ENQINEERINQ. 

A First Year's Course for Students. By Tyson Sbwbll, A.I.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. Second Edition, Revised, with Additional Chapters 
on Alternating Current Working, and Appendix of Questions and Answers. 
450 pages, with 274 Illustrations. Demy 8 vo, cloth. [Just Published. Net 7/6 

OHM'S Law.— Units Employbd in Electrical Enginbbring. -Series and 
Parallel Circuits ; current Density and potential Drop in the Circuit.— 
THE Heating effect of the electric current.— The Magnetic effect of an 
Electric current.— The magnetisation of iron.— Electro-chemistry ; Primary 
BATTBRIBS.—ACCUMULATORS.— indicating Instruments ; Ammeters, Voltmeters, 
Ohmmeters.— Electricity Supply meters.— Measuring Instruments, and the 
Mbasurbmbnt OF Electrical Resistance. — measurement of Potential Dif. 
ference, Capacity, current strength, and permeability.— arc Lamps.— Incan- 
descent Lamps; Manufacture and Installation; photometry. — thb Con- 
tinuous Current Dynamo.— Direct Current motors.— alternating Currents. 
—Transformers, alternators, Synchronous motors.— polyphasb working.^ 
APPENDIX of Questions and answers. 

"An excellent treatise for students of the elementary fiicts connected with electriea 
engineerinsf. "- The Electrician. 

"One of the best books for those commencing the study of electrical engineering. Every* 
thing is explained in simple language which even a beginner cannot fail to understand."— ^M^^M^^r. 

" One welcomes this booE, which is sound in its treatment, and admirably calculated to give 
students the knowledge and information they most require."— Wdt/Mtr. 

THE ELECTRICAL TRANSMISSION OF ENERGY. 

A Manual for the Design of Electrical Circuits. By Arthur Vauohan 
Abbott, C.E., Member American Institute of Electrical Engineers, Member 
American Institute of Mining Engineers, Member American Society of Civil 
Engineers, Member American Society of Mechanical Engineers, &c. With 
I'en Folding Diagrams and Sixteen Full-page Engravings. Fourth Edition, 
entirely Re-Written and Enlarged. Royal 8vo. cloth. 

\Jvst Published. Net 30 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufactiu-e, The Calculation of Circuits, Pole-Line 
Construction, Underground Working, and other Uses. By F. A. C. Psrkinb, 
A.M., D.Sc ; formerly Professor of Electrical Engineering, Leland Stanford, 
Jr., University ; M.Amer.I.E.E. 8vo, cloth .... Net 20/" 

Conductor Matbrials— alloyed Ccnuuctors— Manufacture of Wire— 
Wire-Finishing— WiRB Insulation— Cables— Calculation of circuits— Kelvin's 
Law OF Economy IN Conductors— Mulpiple arc Distribution— Alternating 
CURRENT Calculation— OVERHEAD Linbs— Pole Line— Line Insulators— Under. 

GROUND conductors. 

W1RELE55 TELEGRAPHY; 

Its Origins, Development, Inventions, and Apparatus. By Charles Henry 
Skwall. With 85 Diagrams and Illustrations. Demy 8vo, cloth. 

[Just Published. iW/ 10/6 

ELECTRICITY A5 APPLIED TO MINING. 

By Arnold Lupton^ M.Inst C.E., M.I.M.E., M.I.EE., late Professor ot 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager: G. D. Aspinall Parr, M.I.E.E., A M.I.M.E., 
Associate of the Central Technical College, City and Guilds of Loncon, Head 
of the Electrical Engineering Dcp-«rtment, Yorkshire College, Vicioria 
Univernty; and Hbrbkrt Psrkin, M I.M E., Certificated Colliery Manager, 
Assistant Lecttuer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium Svo, cloth. Net 9/ " 

INTRUDUCIORY. — DYNAMIC ELBCI RICITY. — DRIVING OF THE DYNAMO. — THE 

Steam turbine.— distribution of Electrical energy.- Starting and Stopping 
ELECTRICAL Generators and motors.— Elbci ric Cables.- Central Electrical 
Plants.— Electricity applibd to pumping and Hauling.— Electricity applied 
TO Coal-Cutting.— TYPICAL Electric flants Recently Erected. — Electric 
Lighting by arc and Glow Lamps— Miscbllanbous applications op Electricity 
—Electricity as Compared with qti^pr mooes op TRAifSMiTTiNG PowEj^.iii' 

PANQBRS OF EffECTRICITY, 



24 CROSBY LOCKWOOD *• SO'N'S CATALOGUE, 
DYNAMO. MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL ENGINEERS. 

A Practical Book dealing with the subject of D'rect, Alternating and Poly- 
phase Currents. By William R. Bowkbr, C.E., M.E., E.E., Consu'tini; 
Tramway Engineer. 8vo, doth. U^^t Published, Net Q/O 

DYNAMO ELECTRIC MACHINERY: its CONSTRUC- 
TION, DESIGN, and OPERATION. 

By Samuel Sheldon, A M.j Ph.D., Professor of Physics and Electrical 
Engineering at the Polytechnic Institute of Brooklyn, assisted by Hobart 
Mason, B.S. 

In two voluTMS, sold separately, as follows : — 
Vol. I— DIRECT CURRENT MACHINES. Fifth Edition, Revised. Large 
crown 8vo. 280 pages, with 200 Illustrations . . JVet 1 2/0 
Vol. II.— ALTERNATING CURRENT MACHINES. Large crown 8vo. 260 

pages, with 184 Illu<(trations JW/ 1 2/0 

Dasiened as Text-books for use in Techaical Educational Institut'ons, and by Enf^neers 
whose work includes the handling: of Direct and Alternating Current Machines respectively, and 
for Students proficient in mathematics. 

ARMATURE WINDINGS OF DIRECT CURRENT 

DYNAMOS. 

Extensi:>n and App'i^:ation of a General Winding Rule. By £. Arnold, 
Engineer. As«;istait Professor in Elect rotechnics ani Machine Design at the 
Riga Polytechnic Swhool Translated from the Original German by Francis 
B. Db Gress, M.E., Chief of Testing Department, Crocker-Wheeler Com- 
pany With 146 Illustrations. Medium 8vo, cloth . . . A>/ 12/- 

ELECTRICAL AND MAGNETIC CALCULATIONS, 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnstism. 
Bv A. A. Atkinson, Professor of Electricity in Ohio University. Crown 8vo, 

cloth Net 9/0 

" To teachers and those who already possess a fair knowledge of their subject we can recom- 
mend this book as being useful to consult when requiring data or formulae which it is neither con- 
venient nor necessary to retain by memory."— 7*-*^ Electrician. 

5UBMARINE TELEQRAPH5. 

Their History, Construction, and Working. Founded in ^art on WUnschbn. 
dorff's " Traits de T^ligraphie Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. By Charles Bright, F. R. S. E. , A . M. I nst. C. E. , 
M.I E.E. 780 pp., fully Illustrated, including Maps and Folding Plates. 
Royal 8vo, cloth Net £3 3«, 

" There are few, if any, persons more fitted to write a treatise on submarine tdegraphy than 
Mr. Charles Bright. He has done his work admirably, and has written in a way which will 
a; peal as much to the layman as to the engineer. This admirable volume must, for many years Co 
come, hold the position of the English classic on submarine telegraphy."— ffv^'iM^r. 

" This book is full of information. It makes a book of reforence which should be in every 
engineer's library." — Nature. 

THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Rules, Formulae, Tables, and -Data. By H. R. Kempb, 
M.I.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," &c Second Edition, thoroughly 
Revised, with Additions. With numerous Illustrations. 32mo, leather 5/0 

*' It is the best book of its ida±"—Biectrical Engineer. 

" The Electrical Engineer's Pocket-Book is a good oao,''—ElecMciaH. 

" Strongly recommended to those engaged in the electrical iadast3Ams."'-SleeMtttI Review^ 

POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Elearic Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo, cloth . . Net Q.'Q 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M., Ph.D.j Author of "Elements of Static 
g-ectricity," &g. Crown 8vo, 417 pp., with 120 lUustratipTis, cloth . 10/© 
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THE MANAGEMENT OF DYNAMOS. 

A Handybook of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis-Patekson. 

Third Edition, Revised Crown 8vo, cloth 4/6 

" The subject is treated In a manner which any intelligent man who is fit to be entrusted with 

charee of an engine should be able to understand. It is a useful book to all who make, tend, or 

employ electric machinery."— ^rrAtltoei 

HANDBOOK FOR THE USE OF ELECTRICIANS. 

In the Operation and Care of Electrical Machinery and Apparatus of the 
U. S. Sea-Coast Defences. By Geo. L. Anderson, A.M., Captain 
U. S. Artillery. Prepared under the direction of the Lieutenant-General 
Commanding the U. S. Army. Royal 8vo, cloth . . , Net 21 /O 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3,000 definitions. By T. O'Conor 
Sloane, A.M., Ph.D. Third Edition, with Appendix. Crown 8vo, 690 pp., 

490 Illustrations, cloth Net 7/6 

"The work has many attracttre features in It, and Is, beyond doubt, a well put together and 

useful publication. The amount of pound covered may be gathered firom the fact that in the index 

about 5.000 references will be bmoAr—^UciHcal Review. 

ELECTRIC LIGHT FITTING. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart. With numerous Illustra- 
tions. Fourth Bxlition, Revised, Crown 8vo, cloth .... fi/0 
" This volume deals with the mechanics ot electric lighting, and is addressed to men who 
are already engaged in the worle, or are training for it. The work traverses a graat deal of ground, 
and may bis read as a sequel to the author's nsefiil work on ' Electric LSffiHL -^Bldetricimn. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 

Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 

By J. W. Urquhart, CE. Sixth Edition. Crown 8vo, cloth . . 7/6 

"The whole ground of electric lighting is more or less covered and explained in a very dear 

and concise xoaxtxiKt,"—£Uetrical Review. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians* 

in -Charge. Embracing Framework Buuding, Field Magnet and Armature 

Winding and Grouping, Compounding, &c cy J. W. Urquhart. Second 

Edition, Enlarged, with 114 Illustrations. Crown 8vo, cloth . . 7/6 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that the 

engineering studept can understand them. The book is vwy readable, and the author leads his 

rea iers up to difficult subfects by reasonably simple XKK)t%."~-MnginetriHg Review, 

ELECTRIC 5HIP-LIGHTING. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charee. By T. W. Urquhart, C.£. Second Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vo, cloth . . . 7/6 
" Mr. Urquhart Is to be highly complimented for placing such a valuable work at the serine 
of marine electricians."— ?:%« Steamship. 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.InstCE., M.I.E.E. Fifth Edition. 
With 16 Illustrations. Crown 8vo, cloth 1/6 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erection and Running of Small InstaIIati<ms, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Third Edition, Revised. Crown 8vo, wrapper . . . . • 1/0 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric L^ht. 
By Alfred Cropts. Sixth Edition, Revised. Crown 8vo, cloth . 2/0 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAp, F.K.§. 650 pp., with 470 Illustration^. Crown 8vo, cloth. 

9/0 
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SPECIFICATIONS IN DETAIU 

By Frank W. Macby, Architect, Author •f "Conditions of Contract. 
Second Edition, Revised and Enlarged, containing 644 pp., and 3,ocw Illustra- 
tions. Royal 8vo, cloth. [Just Publishtd. Net ^IfO 

Summary or Contents :— Gbnhral Notbs (including Points in spbcipication 
WRiTiNo, Thb Order op a Spbcipication, and Notbs on Itbms optbn omittbd 
FROM A Spbcipication).— Form op Outsidb covbr to a Spbcipication.— Specifica- 
tion cf Works and List of General Conditions.— preliminary items (including 
SHORING and House Bkeakbr).— drainage (includtng Rain-water Wells and 
Rbports).— excavator (including Concrbtb Floors, Roops. Stairs, and walls). 

—PaVIOR.— bricklayer (INCLUDING FLINTWORK, RIVBRAND OTHER WaLLIKG, SPRING- 
WATER Wells, storagb Tanks, Fountains, Filters, Terra Cotta and Faience).— 
Mason.— Carpenter. J3inbr and Ivonmonger (including Fencing and Pilin-:).— 
smith and fuundbr (including hbatlng, frrb hydrants, stable and cow-housh 
FITTINGS).— Slater (including Slate Mason).— Tiler.— Stonb tilrr.- Shingler.— 

THATCHBR. — PLUMBER (INCLUDING HOT-WATBR WORK). — ZiNCWORKER. — COPPBR- 

SMrrH. — Plasterer. — Gasf i ftek. — bbllhangbr. — Glazier. — Painter.— Pa pbr- 
HANGBR. — General Repairs and Alterations.- Ventilation. — Roao-making— 
Electric Lighting.— indbx. 

PRACTICAL BUILDINQ CONSTRUCTION. 

A Huidbook for Students Preparing for Sxamiaations, and a Book of 
Reference for Persons Endued in Building. By John Parnbll Allbn, 
Surveyor, Lecturer on Bnalding Coostruction at the Durham College of 
Science, Newcastle-on-Tyne. Fourth Edition, Revised and Enlitfged. 
Medium 8vo, 570 pp., with over z,ooo Illustrations, cloth. 

[Just Publishid. Net 7 IB 
" The most compiete eKpos i tloa of buflcUng constroctlcm w haTg seen. It contains all that is 
necessaiy to prapara audants ton the various ajtaminartons In building construction."— ^MtfUbv 
Newt. 

" The author depends nearif as ninch on his diagrams as on his tjrpa* The pages suggest 
the hand of a man of experience in building operations— and the volume aitst be a olesring to 
many teachers as well as to students."- 7^ ArehUtct. 

PRACTICAL MASONRY. 

A Guide to the Art of Stone Cutting. Comprinng the Coostruction, Setting 
Out, and Working of Stairs, Circular Wcvk, Arches, Niches, Domes, Penden- 
tivesj Vaults, Tracery Windows, ftc. ; to which are added Supplements 
relating to Masonry Estimating and Quantity Surveying, and to Building 
Stones and Mai bles, and a Glossury of Terms. For the Use of Students, 
Masons, and Ctaftsmen. By William R. Purchase, Building Inspector to 
the Borough of Hove. Fifth Edition, Enlarged. Royal 8vo, 336 pp., with 
59 Lithographic Plates, comprisiiu^ over 400 Diagrams, cloth. 

[Just Publish4d. Net lie 

The book Is a practical treatise on the subject, the author himself having commenced as an 
operative mason, and afterwards acted as foreman mason on many large andtmportant buildings 
prior to the attainment of his present poiMon. Most of the examples given are from actual wotic 
carried out. It should be feuiid of gneral utOlty to architecturai students and others, as well as to 
those to whom It is speciidljr addressed. "^ToHmal e/tfu Reyai Inxtautt qfBrUUh ArdnUtcU. 

MODERN PLUMBING, STEAM AND HOT WATER 

HBATINQ. 

A New Practical Work for the Plumher, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawler, Author of ' ' American Sanitary Plumbing, ' 
&c. With 384 Illustrations and Folding Plates. 4to, cloth . Net 21/- 

HEATING BY HOT WATER, 

VENTILATION AND MOT WATER SUPPLY. 

By Walter Jones, M.l.M.E. 360 pages, with 140 Illustrations. Medium 
Svo, cloth. [J^t Pudlisked. Net 6/0 

CONCRETE: ITS NATURE AND U5E5. 

A Book for ArchitecU, Builders. Contractors, and Clerks of Works. By 
Gborgb L. Sutclippb, A.R.I.B.A. Second Edition, thoroughly Revised 
and Enlarged. 306 pp., with Illustrations. Crown Svo, clotb. 

[Just Published. Nft 9/0 
" The author treats a dilScult subject in a lucid maimer. The manual nils a long-felt gap. 
It Is careful and exhaustive ; equally useful as a student's guide and a|i arclUtPCt's b<HW qf 
lefprence."— 7<wf^«r/ eft^e RcycU InstUuU qTBritifA AnMifcts, 
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LOCKWOOD'5 BUILDER'S PRICE BOOK for 1905. 

A Comprehensive Handbook of the Latest Prices and Data foi^ Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
Greatly Enlai^eid. By Francis T. W. Millbr. 800 closely-printed paces, 
crown 8vo, dodi. [/«<«/ Publisked 4/0 

" This book Is • Tery useful one, and should find • place in ereiy Etq^h office connected 
with the boildine and engmeerine professions."— /M<AA(4rJM. 
" An exceuoat book of nSntiacia."— ■Architect. 
" Compreoienshre, reliable, well ammeed, legible, and well bound.''— 27r£MrA ArchiUet, 

MEASURING AND VALUING ARTIFICERS' WORK 

(The Student's Guide to the Practice oQ; Containing Directions for taking 

Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 

Tables of Constants for Valuation of Labour, and for the Calculation of Areas 

and Solidities. Originally edited by £. Dobson, Architect. With Additions 

by E. W. Tarn, M.A. Seventh Edition, Revised. Crown 8vo, cloth. 7/6 

" The most complete treatise on the principles of measuring and valuing artificers' work.' 
'— Building News. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Ninth Edition. Waistcoat-podcet size. 1 /6 
" No builder, architect, surveyor, or valuer should be without Us * Beaton. ' "—SuildiHg Ntws. 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair ? A Price Book for Un- 
professional People as well as the Arcnitectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Mxlucr, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Crown 8vo, cloth Net 8/6 

" In two years It will repay its cost a hundred times ovet."— Field. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. Upon the Basis 
of the Work by A Bartholomew, Revised, Corrected, and greatly added to 
by F. RoGBRS, Architect. Third Edition. 8vo, cloth ... 1 6/0 
" one of the books with which every young architect must be equipped."— ^ncMtot. 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. 0. 

Fbrguson. Thurd Edition. 8vo, boards ...... 8/6 

" It is the most toteUkfible of the treatises on this ill-treated subject that I hare met with."— 
E. INGRBSS BBLL, ESQ., m the R.I.B.A. youmal. 

PRACTICAL RULES ON DRAWING. 

For the Builder and Young Student in Architecrare. By 6. Ptnb. 4to. 7/6 

THE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A.. Author of " The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with 135 Diagrams. Crown 8vo, cloth 7/6 
" The book is a very usefiil and helpful manual of architectural mechanics."— i?M(Vi<!er. 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles. With 
Outlme Specifications and Estimates. By C. Wickbs, Architect, Author of 
" The Spires and Towers of England," &c. 61 Plates, 4to, half-morocco, gilt 
edges ... £1 lis. 6d. 

DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambbrs, F.R.S. With Portrait, Illustrations, Notes, and 
an ExAMiMATioM OP Grecian Architbcturb, by Josbpm Gwilt, F.S.A. 
Revised and Edited by W. H. Lbbds. 66 Plates, 4to, ck>th . 21/0 

THE ARCHITECT'S GUIDE. ^ 

Being a Text-book of Useful Information fcv Architects, Engineers, Surveyors, 
Contractors, QWt^ of Works, ^c. B^ F. Rogbfs. Crown 8vo. 9/O 
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SANITATION AND WATER SUPPLY. 



THE PURIFICATION OP 5BWAQB. 

Being a Brief Accoont of the Scientific Principles of Sewage Porification, and 
their Practical Application. By Sidnby Barwisb. M.D. (Lond.), B.Sc, 
M.R.C.S., D.P.H. (Camb.), Fellow of the Sanitary Institute, Medicsil Officer 
of Health to the Derbyshire County Cooncil. So:nul Ed'tion, Revi^ and 
Enlarged, with an Appendix on the Analysis of Sewage and Sewage Effluents. 
Wi h numerous Illustrations and Diagrams. Demy 8vo, c'oth. 

Unst published. Aei 10/6 
Summary of Contrnts: — Sewage : its Nature and Composition.— The 
Chemistry of Sewage,— Varieties of sewage and the Changes it Undergoes.— 
River Pollution anu its Effects.— The Land Treatment of sewage.— Precipi- 
tation, Precipitants. and Tanks.— The Liquefaction of Sewage.— principles 
involved in the oxidation of Sewage.— Artificial Processhs of purification.— 
automatic Distributors and special Filters.— particulars of sbwbragb and 
Sewage Disposal Schemes rbquirbd by Local Govbrnmbnt Board.— Usbful 

TiKTA.—ApteHciix: THB APPARATUS RBQUIRBD FOR SBWAGB ANALYSIS.— STANDARD 
SOLUTIONS USED IN THB METHOD OF SHWAGB ANALYSIS.— 7a*^J ; ESTIMATION OF 

AMMONIA.— Nitrogen as Nitrates.— Incubator Test, oxvgbn absorbed.— To 

CONVERT grains PER GALLON TO PARTS PER roo.OOO. 

THB HEALTH OPFICER'5 POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edwako 
F. WiLLOUGHBT, M.D. (Lond.), ftc Second Edition, Revised and Enlaroed. 

Fcap. 8vo, leather Net 1 0/6 

" A mine of condensed information of a pertinent and useful kind. The various subjects 
of which it treats ^ein? succinctly but fully and sc entifi^liy dealt with."— TA^ Lanctt. 

" We recommend all those engagwi in practical sanitary woric to furnish themselves with a 
copy for reference." — Sanitary yournal. 

WATER AND ITS PURIFICATION, 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Ridbal, D.Sc. Lond., F.I.C. Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables. 
lAaf^ti Crown 8vo, cloth Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Gmstmction of Water- 
works for Small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 
andW. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 6/0 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbrr, A.M. Inst. C.K, and M.Inst. M.E. Imp. 4to, half- 
bound morocco. (See page II.) Net ^S 6ft. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATBR-WORK5. 

By Professor W. K. Burton, A.M. Inst. C.E. Second EUiition, Revised 
and Extended. Royal 8vo, cloth. (See page lo.) .... £1 6s. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. C.£. 7/6 

SANITARY WORK IN SMALL TOWNS AND YILLAQE5. 

By Ckarlss Slagg, A. M. Inst. C.E. Crown 8vo, cloth . . 8/0 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BucHAN. Ninth Edition, Enlarged, with 500 Illustrations. Crown 8vo, 8/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 
BucHAN, E.P. Crown 8vo, doth 8/6 
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THE ELEMENTARY PRINCIPLES OP CARPENTRY. 

A Treatise on the Pressure and Eqailibritun of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c, with Descriptions of the kinds of Wood used 
in Buildmg; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Tredgold, C.E. 
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated. Seventh Eklition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn, M.A., Author of "The Science of Building," ftc 
With 6z Plates, Portrait of the Author, and several Woodcuts. In One large 
Vol., 4to, cloth fil 6«. 

" Ought to be in every architect's and every builder's Ubrary."— ^w^Ziter, 

"A work whoae monumental excellence must commend it wherever sUlfiil carpentry is 

concerned. The author's principles are rather confirmed than impaired Iqr time. The additiot al 

pbuet are of gteat intrinsic value."— ^M«M»Msr JVews 

WOODWORKINQ MACHINERY. 

Its Rise, Progress, and G>nstruction. With Hints on the Management of Saw 
Mills and the Economical Conversion of Timber. Illtutrated with Examples 
of Recent Designs by leading Endish, French, and American Engineers. By 
M. Powis Balb, A.M.In8t.C.E., M.I.M.S. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

** Mr. Bate is evldentlv an expert on the subject, and he has coDected so much Information 
that his book is all-sufficient ter builders and others engai^ in the conversion of timber."— ^rcAASctt 

" The most compfeheaiive compendium of v^>od-worldng machinery we have seen. The 
author is a thorough master ef Us subject "—^mMMmst AVwr . 

SAW MILLS. 

Their Arrangement and Management^ and the Economical Conversion of 
Timber. By M. Powis Balb, A.M.In8t.C.E. Second Edition, Revised. 
Crown 8vo, cloth 10/6 

" The administnUion of a iar^e sawing establishment Is discussed, and the subject examined 
from a financial standpoint. Hence the sice, shape, order, and disposition of saw mids and the Uke 
are gone into la detail, and the course of the timber is traced from its reception to its delivery in its 
converted state. We could not desire a more complete or practical treatise, "-^wtf&itr. 

THE CARPENTER'S GUIDE. 

Or, BnooIc of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Caipentry. Founded on the late Pbtbs 
Nicholson's standani work. A New Edition, Revised by Ajrthur Ashpitbl, 
F.S.A. Together with Practical Rules on Drawing, by Gsorgb Pyne. 
With 74 Plates, 4to, cloth £1 1 •• 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointins-up, and Squaring the Wreath. By Georgb 
CoLUNGS. Revised and Emarged, to which is added A Trbatisb on 
Stair-building. Third Edition. With Plates and Diagrams. lamo, cloth. 

2/6 

" Win be found of practical utUtty in the execution of this difficult branch of Joinery."— ^M^Jtfrf. 
" Almost every difficult phase of this somewliat intricate branch of Joinery is elucidated by 
the aid of plates and explanatory letterpress. "--FumUurt GoMCtU, 



CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 

Gbokgb Colungs. With Diagrams. Fourth Edition, zamo, cloth . 2/6 

" An ex c ellent evamnle of iriiat a book of this kind should be. Cheap In price, clear in 
definitioo, and practical bi the examples selected."— ^«<U(r. 

THE CABiNET-MAKER'5 GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmbad. Illustrated with Plans, Sections and Working 
Drawings. Crown ftvo, doth ....«..•. 2/o 
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HANDRAILINQ COMPLBTB IN BIQHT LBSSONS. 

On the Sqnare-Cnt Syttan. By J. S. Goldthokp. Teacher of Geometry 
and Building Conatruction at the llaiifiuc Mechanics' Institttte. With KiKfat 
Plates and over 150 Practical ExCtcises. 4to, cloth .... 8/0 



*' Llkoly to be of comMenble value to Jotaien and othen who take a pride In 
Theanuranontofthobook ii eaoaDaoC We heaitil]r oanaand It to teaelien and 

TIMBER MERCHANTS and BUILDER'S COMPANION. 

Containing New and Copioas Tables of the Reduced Weieht and Measure* 
ment of Deals and Battens, of all sizes, and other Useful Tables for the ttse of 
Timber Merchants and Builders. By William Dowsing. Fourth Edition, 
Revised and Corrected. Crown Bvo, cloth 8/0 

" We are srlad to see a fourth edition of these admirable tables, which for conertnew and 
rimpHrity of arrangement leare notiiing to be derived. "—TVmArr Tnuks yoummi, 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surreyors, Builden. &c., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks 00 the Growth of 
Timber, &c By W. Richakoson. Second Edition. Fcap. 8vo, cloth . 8/6 

" This handy manual contains much TaluaUe information for the use df timber merchants, 
builders, foresters, and all others connected vlth tlie growth, nle, and manuActure of timber."— 
y«u ma l ^F»r€stry. 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Casea, fhnn six 
inches square and upwards. By W. Richakdson, Timber Broker, lliird 
Edition. Oblong 4to, cloth ..*•.»«.. 8/8 

" Invaluable labour-saTlng tables."— /SrwcMMfv**'' 
** Will s«ve much labour and calculation."— Cror^r. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to soo inches in length b^ i to 108^ inches in breadth. 
For the tise of Architects, Surveyors. Engineers, Timber Merchants, 
Builders, &c. By Jambs Hawkings. Fifth fidition. Fcap., doth . 8/6 



"These tables will be found of neat assistance to all who. require to make cakuUitioBi of 
superficial measurement."- it^v'^^^ MechaMic, 

PRACTICAL FORESTRY. 

And iu Bearing on the Improvement of Estates. By Chaklbs B. Curtis, 
F.S.I., Professor d Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Seoood Edition, 
Reyised. Crown 8vo, cloth 8/6 

Prefatory Remarks. — Objects op Planting. — choice of a Forester.— 
Choice of soil and site.- Laying Out of Land for Plantations.— Preparation 
OP THE Ground for planting.— Drainage.— planting.— Distances and distri- 
bution OP Trees in plantations Trees and Ground Game.— Attention after 

Planting.— Thinning of plantations — Pruning of Forest Trees.- Realization. 
—Methods op sale.— measurement of Timber.— Measurement and Valuation 
of Larch Plantation.— Fire Lines.— Cost op Planting. 

" Mr. Curtis has in the coune of a series of Short pithy chapters afforded much Informa- 
tion of a useful and practical character on the planting and subsequent treatment of trees.*— 
IllustraUd Carpenter and Builder, 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth . . * 1 0/O 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BUILDER'S STANDARD QUIDB. 

By Richard £. Grandy. Comprising: — An Analysis of Deal Standards, 
Home and Foreign, with Comparative values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Expenses, Freight, Insurance, &c, &c ; together with copious 
Information for the Retailer and Builder. Thkd Edition, Revised. lamo, 

cloth 9/0 

"Everything: it pretends to be: built up gradually, it leads one from a forest to a treenail, and 

throws in, as a makeweight, a host of material concenung bricks, columns, cisteins, 8ic."^Bn£lish 

MuhattiCt 
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DECORATIVE ARTS» ETC. 



5CH00L OP PAINTING FOR THE IMITATION OP 

WOODS AND MAKBLBS. 

As Taught and Practised by A. R. Van dbs Buxg and P. Van dbx Burg, 
Directors of the Rotterdam Painting Institution. Royal folio, x8} by za^ in., 
Illustrated with 34 full-sixe Coloured Plates ; also la plain Plates, comprising 
Z54 Figutes. Fourth Edition cloth Net £1 6s. 

List of PuLfss. 

t. Various tools Rbquirbo for wood Painting.—*, 3. walnut; Prbliminary 

STAGES OP Graining and Finishbd Specimen. — 4. Tools used for marble 

Painting and method op Manipulation.— 5, «. St. Rbmi Marble; Earlier 

Operations and Finished Specimen. — 7. methods of Sketching different 

GRAINS, knots, &C— «, > ASH: PRELIMINARY STAGES AND FINISHED SPECI- 
MEN. — la METHODS OF SKETCHING MARBLE GRAINS. — It, 18. BRBCHE MaRBLE ; 

preliminary stages of working and finished specimen.— z*. maple ; methods 
op producing the different grains.— 14, 15. bird's-eye maple; preliminary 
stages and finished specimen.— z6b methods of sketching the different 
species of white marble.- 17, isl white marble ; prbliminary stages op 
process and finishbd specimen.- 19. mahogany ; specimens of various grains 
and methods of manipulation.— ao, ax. mahogany ; earlier stages and 
Finished specimen.— ss, 93, 14. sienna marble; Varieties of Grain, preliminary 
STAGES AND Finished specimen.- ■$, 96, wj. juniper wood; Methods of Pro- 
ducing Grain. &c ; preliminary Stages and Finisheb Specimen.— 48. m, 3a Vert 

ok HER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, UNPINISHBD 
AND FINISHBD SPECIMENS.— 3Z, 3a, 33. OAK ; VARIETIES OF GRAIN, TOOLS EMPLOYED 
AND METHODS OF MANIPULATION, PRELIMINARY STAGES AND FINISHED SPECIMEN.- 

M. 35. 36. wauLsort Marble; Varieties of grain, unpiNishbd and Finished 

K>ECIMENS. 

"Those who desii* to attain sUn In the ait of painring woods and marfateawUl find adrantage 
In consulting this book. . . . Some of the Working Men's Clubs should give tfaeic young men 
the opportunity to study iL"—Buiidier. 

'* A comprehenslTe guide to the art The explanations of the processes, the manipulation 
and management of the coiottrs, and the beautifully executed plates will not be the least vauiable to 
the student who aims at making his work a fidthful transcript o£ natuie. "—BuiUkng^ News. 

** Students and novices aie fortunate who are able to becom e the possessors of so noble-s 
work."— rAr ArckiUeL 

ELEMENTARY DECORATION. 

A Guide to the Sunpler Forms of Everj^ay Art. Together with PRACTICAL 
HOUSE DECORATION. Bv Tames W. Facbv. With numerous Illus- 
trations. In One Vol., strongly half-bound ..#... 5/0 

H0U5E PAINTING, QRAININQ, MARBLING, AND 

SIGN WRITING. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 

Coloured Plates and Wood Engravings. Crown 8vo, doth . 6/0 

" A mass of information of use to the amateur and of Talue to the practical vaMii."^BngrUsh 
MtcMaftic 

THE DECORATOR'5 A5515TANT« 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 

Gilders, &c. Containing upwards of 600 Receipts, Rules, and Instructions ; 

with a variety of Information for General Work connected with every Class of 

Interior and Exterior Decorations, &c. Eighth Edition. Cr. 8vo . 1 /O 

" Full of receipts of value to decorators, painters, gilders, &c The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied hiformation on the painter's axt."— Building Ntrws. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By Gborgb H. Blagrovb, Author of " Shoring and its Applica- 
tion," &c. With 38 Illustrations. Crown 8vo, cloth .... 8/6 

" Thib most useful and much waotted handbook shoukl be in the hands of every architect and 
)>uader.''— AtMtfiM^ W^rUi, 

"A carefully and usefully writttn treatise ; the work Is essentially practicaL"— ^£««mmim« 
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DELAMOTTE8 WORKS ON ILLUMINATION AND 

ALPHABETS. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDIiCVAL. 

From the Eighth Ctatxuj, with Nninendf ; including Gothic, Chorda-Text, 
Iarg;e and smsJI, German, Italian, Arabesane, Initials for lUamination, 
Monofframs, Crosses, &Cm for the use of Architectmal and Engineering 
Dran^tsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c., ftc. Collected and En^ved by F. Dblamottk, 
and printed in Colours. New and Cheaper Edition. Royal 8vo, oblong, 

onuunental boards 2/S 

** For thoie who inseit enamelled sentences round glided chaUces, who blacon shop legends 

over shop-doofs, who letter church waOs with pithy sentences from the Decalogue, tiib book will be 

uaeAil. "•^AtktMoutn, 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Ccrart Hand, Enpossingj Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&C. Collected and Engraved by F. Delamottb, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards 2/6 

" There Is comprised In It every poerible shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended hi the conception ofthe varioiis 
plain and ornamental letters is wonderfuL"— ^tefMtef^ 

MEDI>EVAL ALPHABETS AND INITIALS. 

By F. G. Dblamottb. Containing ax Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Wilus Brooks. Fifth 

Eklition. Small 4to, ornamental boards I^ei 6/0 

"A volume In which the letters «f the alphabet come forth glorified In gilding and all the 
oolouis of the ptkm interwoven and intertwined and intermingled. "-^«m. 

A PRIMER OP THE ART OP ILLUMINATION. 

For the Use of Beginners ; with a Rtidimentary Treatise on the Art, Practical 

Directions for its Exercise, and Examples taken from Illuminated MSS., 

cn-inted in Gold and Colours. By F. Dblamottb. New and Cheaper 

Edition. Small 4to, ornamental boards 6/0 

" The examples «f ancient MSS. reoprnmended to the student, which, with much good sense, 
the author chooses from collections ■cceaiioie to all, are selected with Judgment and knowledge as 
well as taste."— ^M«M«*Mm. 

THE EMBROIDERER'S BOOK OP DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecdesiasucal Devices, MedisBval and Modem Alphabets, and National 
Emblems. Collected by F. Dblamottb, and printed in Colours. Obloi^ 

royal 8vo, ornamental wrapper iVir/ 2,0 

" The book will be of great assistattce to ladles and young children who are endowed with 
the ait of plying the needle in this most ornamental and useful pietty woik,"—£4ut jingriian Tinus, 



WOOD-CARVINQ POR AMATEUR5. 

With Hints on Design. By A Lady. With xo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-canrer, so well as a book can Impart It, may be kamt from * A 
Lady's ' pnbUcation."— ^JS*«m«mm. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Velltuni Pottery, Eiuunel, Glass, &c. Fifth 
Sdition. Crown 8vo, cloth • ff/O 

««* Adopttd at a PHu Book at South KmsmgtoH. 

" Much may be learned, even by those who fancy they do not require to be taught, from thf 
Mreful perusal of this unpretending tavt cwnpretaenslTe treatise"— ^rr yaumal. 
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NATURAL SCIENCE, ETC. 



THB VISIBLE UNIVERSE. 

Chapters on the Origin and Construction of the Heavens. By J. B.-GoMi, 
F.R.A.S., Author of ^' Star Groups," ftc. Illustrated by 6 Stellar Photosraphs 
and X9 Plates. Demy 8vo, cloth 1 6/0 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Bllaxd Gorb, F.R.A.S., 
M.R.I.A., &c., Author of "The Visible Universe," "The Scenery of the 
Heavens," &c. With 30 Maps. Small 410, cloth 6/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gosb, 
F.R.A.S., Author of " The Visible Universe," &c Small crown 8vo, cloth. 

THB MICROSCOPE. 

Its Construction and Management. Including Technique. Photo-microgn4)hy, 
and the Past and Future of the Microscope. By Dr. Henri van Hburck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by WvNNB E. Baxter, F.G.S. Imp. 8vo, cloth .... 18/0 

A MANUAL OP THB MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate, A.L.S., F.G.S. With 93 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (1880). Crown 8vo, 
doth 7/6- 

THE TWIN RECORDS OP CREATION. 

Or, Geol4 
By G. W 

LARDNER'S HANDBOOKS OP SCIENCE. 
HANDBOOK OP MECHANICS. 

Enlarged and re-written by B. Lobwt, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. Loewy, F.R.A.S. Post 8vo, cloth . fl/O" 

HANDBOOK OP HEAT. 

Edited and re*written by B. Loewv, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP OPTICS. 

New Edition. Edited by T. Olver Harding, B. A. Small 8vo, cloth fi/O 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Geo. C Foster, B.A. Small 8vo, cloth .... 0/O 

HANDBOOK OP ASTRONOMY. 

Revised and Edited by Edwin DuMKiN, F.R.A.S. 8vo, cloth . . 9/6 

MUSEUM OP SCIENCE AND ART. 

With upwards of z,aoo Engravings. In Six Double Volumes, £1 1 s. Clotb, 
or half-morocco £1 lis. 6d. 

NATURAL PHILOSOPHY POR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY POR SCHOOLS .3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F.R.A.S. Fcap. 8vc, cbth 2/6 



Or, Geolo^ and Genesis, their Perfect Harmony and Wonderful Concorde 
"^. V. LB Vaux. 8vo, cloth 6/0 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE OIL FIELDS OP RU55IA AND THE RUSSIAN 

PBTROLBUM INDUSTRY. 

A Pntctical Handbook on the Exploration, Exploitation, and Management 
of Hussian Oil Properties, including Notes on the Origin of Petroleum in 
Rusua, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A.Bbbby Thompson, A.M.I.M.E., late Chief Engineer and Manager of the 
European Petroleum Company's Russian Oil Properties. About 500 pp., with 
numerous Illustrations and Photographic Plates, and a Map of the Baiakhany- 
Saboontchy-Romany Oil Field. Super-royal 8vo, cloth. 

[Just Publisfud. Net £8 3a. 

THE ANALYSIS OF OILS AND ALLIED 5UB5TANCE5. 

By A. C. Wjiight, M A.Oxon., B.Sc.Lond.| formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical School. Demy 8vo, cloth Ntt 9/O 

THE QA5 ENGINEER'S POCKET-BOOK. 

Comprising Tables, Notes and Memoranda relating to the ManofiKtmre, 
Distribution and Use of Coal Gas and the Coostmction of Gas Works. By 
H. O'Connor, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown Svo, 
fnily Illustrated, leather 10/6 



"The book contains • vast amount of information. Th« author goes consecutivdy tliroagh 
thm engineering detaib and practical methods involv«d In each of the different processes or pofts 
4>f a gas-worlca. He lias certainlv succeeded in maldng a compOation of hard matters 01 bet 
absolute interestinsr to read."— ^rox IVorid. 

" The volume contains a great Quantity of specialised information, compOed, we beUere, from 
trustworthy sources, which should make it of considerable value to tliose for whom It Is specifically 
produced.''— ifMiir'fMfr. 

OQHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.B. 
With 66 Illustrations. Crown 8vo, doth ....... 7/6 

CNQINEERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters. Iron Founders, Students and others. Comprisinp^ Methods of Analjrsis 
and Valuation of the Principal Materials used in Engineering Work, with 
numerous Analyses^ Examples and Suggestions. By H. Joshua Phillips, 
F.I.C., F.C.S. Thurd Edition, Revised and Enlarged. &own 8vo, 400 pp., 
with Plates and other Illustrations, doth. .... Net 1 0/6 

** la this woric the author has rendered no small service to a numerous body of practical 
eneo. . . . The analytical methods may be pronounced most satisfectory, being as acconte as the 
■despatch required ot engineering chemists permits."— CAmm&s/ News. 

" The analytical methods given are, as a whole, such as are likely to give rapid and tmat- 
wortliy results in experienced hands. . . . There is much excdlent deacripave matter in the wt>^ 
the chapter on ' OOs and Lubrication ' being spedaUy noticeable In this respect. "Sng in ttr, 

I^ITR0-EXPL05IVE5« 

A Practical Treatise concerning the Properties, Manufacttire, and Analysis 
of Nitrated Substances, induding the Fulminates, Smokeless Powden. and 
Celluloid. By P. Gbrald Sanford, F. I.C, Consulting Chemist to the Cottoo 
Powder Company, Limited, &c. With Illustrations. Crown 8vo, cloth. 9/0 

**One of the very fbw text-books in which can be found Just what is wanted. Mr. Sanfoid 
igoes steadily through the whole list of explosives commonly used, he names any given explosive^ 
and tells us of what It Is composed md how it is manufiicturea. The book is ^xcellent.'*^i?»^gf w ttr. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of D^amite. Gun-Cotton, 

Nitro-Glycerine and other Explosive Compounds, induding CoUodi<xi-Cottoa. 

With Chapters on Explonves in Practical Application. By M. Eisslbr. M E. 

Second Edition, Enlarged. Crown 8vo, doth 1 2/8^ 

" A veritable mine orin'ormid >n on the subject of ex;>loslTes employed for military, mhiing 
and bliisting purposes."— ^rmty and Navy Gaxstte. 



CHEMICAL MANUFACTURES, CHEMISTRY, S^. 35 
A MANUAL OP THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. ^ With 333 Illustrations 
and Working Drawings. Second £dition, with Additions. Super-royal 8vo, 
cloth £1 lOs. 

** We find not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the successful 
conduct of alkali works, but which are sfeneraUy overlooked by even experienced technolog^ical 
authors."— CA^m^of/ Review* 

DANQER0U5 Q00D5. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, &c. By H. Joshua 
Phillips, F.I.C, F.C.S. Crown 8vo, 374 pp., cloth .... 9/0 
" Merits • wide circulation, and an intelligent, appreciadve study."— CA<mto>/ Nnw, 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 

Containing all known Methods of Anhydrous Analysis, many Working 

Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 

Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 6/0 

'* The student who goes conscientiously through the course of experimentation here aid down 

w&l gain a better insight into inorganic chemistry and mineralogy than If he had * got up ' any of the 

best test-books of the day, and passed any number of examinations in their contents."— CA/mior/ 

News. 

THE MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slatbr. 

Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

** There Is no other work which covers precisely the same ground. To students preparing 

for examinations in dyeing and printing it will prove exceedingly vaeiuL"—ChefHicaI News. 

A HANDYBOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Conclusions of Modem Research which bear upon the Practice of Brewing. 
By Hbrbbrt Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth ... 1 2/6 

" May be consulted with advantage by the student who is preparii^ hbnself for examfaiationa 
tests, while the scientific brewer will find in it a risunU of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the author 
takes great care to discriminate between vague theories and well-established facts "-^Brewerf 
yettmeU. 

" We have great pleasure In recommending this handy book, and have no hesitation Insajring 
that It is one of the best— if not the best— which has yet been written on the subject of beer-brewing 
Id this countiry ; it should have a place on the shelves of every brewer's )3ibnxY."—Brewtrr 
GuartUan. 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips, F.C.S.. formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Fourth Edition. Crown 8vo, cloth 2/0 

" Ought to have Its place in the laboratory of every metallurgical establishment and wherever 
fuel Is uaea on a large 9caaia."^Chemiteal News. 

THE ARTISTS' MANUAL OF PIGMENTS. 

Showing their Composition, Conditions of Permanency^Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H. C. Standagb. Third 

Edition. Crown 8vo, cloth ... 2/6 

" This work is indeed fnultutn-iti'ParxWt and we can, with good conscience, recommend it to 
an who come in contact with pigments, whether as makers, dealers, or users."— CA«m^<»/ Review. 

A POCKET-BOOK OF MENSURATION AND GAUGING. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. x8mo, leather 4/0 

Should be in the hands of every practical brewer."— ^rrvwrf' yeurnai. 

C 2 
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INDUSTRIAL ARTS, TRADES, AND 

M ANUFACTURE S. 

THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W. U. Johnson, F.L.S.^ F R.H.S., Director of Agriculture, Gold Coast 
Colony, West Africa, Commissioned by Government in 190a to visit Ceylon to 
Study the Methods employed there in the Cultivation and Preparation 9f 
Para Rubber and other Agricultural Staples for Market, with a view to Intro- 
duce them into West Africa. Demy 8vo, cloth, i/ust Pui/ts/ud, Net T/6 

SUMMARY OF CONTENTS : — INTRODUCTORY. — THE PaRA RUBBER TREE (Hevea 
brmsiUensis) AT HOME AND ABROAD.— CULTIVATION OF THE TREE :— PROPAGATIOV.— 

SITE FOR Plantation.— Distance Apart to Plant the Trees.— Transplanting.— 
CULTIVATION.— Insect pests and Fungoid Diseases.- Collecting the rubber : 
— Various Methods Employed in Tapping rubber Trees. — Flow of Latbx 
inxreased by wounding the tree.— how to tap.— the preparation of rubbbr 
i'rom the latex :— latex.— various methods employed in thk preparation of 
rubber.— suggested method for preparing rubber.- scrap rubber.— yield ok 
para rubber from cultivated trees :— ceylon.— malay peninsula.— gold coasl'. 
WEST Africa.— Establishment and maintenance of a Para rubber plantation :-r 
CEYLON.— Malay Peninsula.— Commercial Value of the Oil in Hevea Seeds. 

TBA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J. Wallis-Tavler, A. M. Inst. CE. Medium 8 vo, 468 pp. With axS 

lUustrations N€t 26/0 

Summary of Contents. 
Mechanical Cultivati<v< or Tillage of the Soil.— Plucking or Gathering 
the Leaf.— tea Factories.— The Dressing, Manufacture, or Preparation 
OF Tea by Mechanical Means. — Artificial Wfthering of the leap.— 
Machines for Rolling or Curling the Leaf.— Fermenting Process. — 
Machines for the automatic Drying or Firing of the Lbaf.— Machines for 
Non-Automatic Drying or Firing of th3 Leaf.— Drying or Firing Machines. 
—Breaking or Cutting, and sorting Machines.— Packing the Tea.— means 
of transport on tea plantations.— miscellaneous machinery and apparatus. 
—Final Treatment op the Tea.- tables and Memoranda. 

"Tlie subject of tea machinery is now one of the first interest to a large class of people !lo 
whom we strongly commend the volume."— CAaiMArr ^Contmerct yournal. 

** contains a very fiill account of the machinery necessary for the proper outfit of a foctory. and 
also a descriptio* of the procenes best carried out by this machinery."— 7«Mrwa/ Society o/Arts. 

FLOUR MANUFACTURE. 

A Treatise <» Milling Science and Practice. By Fribdrich Kick, Imperial 

Resierungsrath, Professor of Mechanical Technol<^ in the Imperial Genman 

Poljrtechnic Institute, Prague. Translated from uie Second Enlaiced and 

Revised Edition. By H. H. P. Powlbs, A.M.Inst.C.E. 400 pp., with 

a8 Folding Plates, and 167 Woodcuts. Royal 8vo, cloth . . £1 fi«, 

" This Invaluable work is, and will remain, the standard authority on the science of milling. . . . 

The miller who has read and d^^^sted this work wilWiave laid the foundation, so to qtesir, of a 

succesrfiil career ; he will have acquired a number of general principles which he can pfooead to 

apply. In this handsome volume we at last have the accepted text-book of modem milling la good, 

sound English, which has little, if anv. trace of the German idiom."— r>k« Miller 

** The appearance of this celebrated work in English is very opportune, and British millers 
win, we are sure, not be slow in availing themselves of its pages."— An^^rx' GanMe. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Metiradi of 
Dyeing, &c For the Use of Operatives, Overlookers, and Mannfactnrers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . . 7/6 

*' A distinct advance In the literature of cotton manufacture."— Machintry. 

** It is thoroughly reBaUe, fulfilling nearly all the requirements deaiied."— ^As^vw HmmUL 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. T. Walljs> 
Taylbr, a. M. Inst. C. E., Author of " Refrigerating Machinery,''^&c With 

upwards of 300 Illustrations. Crown 8vo, cloth 1 0/6 

"The book will prove a valuable guide for all those who aspire to the maanfrcture 01 sepair 
of their own machhies.''— 7%« FU/d. 

" A venr useful book, which is quite entitled to rank as a standard work foe students of cycle 
construction. '^— fyheeliHg: 

MOTOR CAR5 OR POWER CARRIAGES FOR COMMON 
roads. 

By A J. Wallis-Taylbr, A.M.Inst. CE. Crown 8vo, cloth . . 4./S 
"A work that an engineer, thinking of turning his attention to motor caniage work, would 
do well to read as a preliminary to staxting operations."— £^»^'M«n'»^. 
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PRACTICAL TANNING. 

A Handbook of Modern Prooesess, Receipts, and Suggestions for the Treatment 

of Hides, Skins, and Pelts of every Description. By L. A. Flbmming, 

^ American Tanner. 472 pages. 8 vo, cloth. [Just Puolishid. AV/ 20/0 

THE ART OP LEATHER MANUFACTURE* 

Being a Practical Handbook, in which the Operations of Tanning, Currying, 
I and Leather Dressing are fully Described, and the Princij^es of Tanning 

; Exj^ained, and many Recent Processes Introduced ; as also Methods for the 

{ Estimation of Tannm, and a Description of the Arts of Glue Boiling, Gut 

! Dressing, ftc By Alexander Watt. Fourth Edition. Crown 8vo. doth. 

9/0 

"A sound. comprabeBslve treatise on tannine and Its accessories. Tlie boolc is an eminently 
valaable pvoduction, which redounds to the credit of both author and publishers."— CA/mdlMi/ 

THE ART OP 50AP-MAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alexander Watt. Sixth EUlitton, 
including an Appendix on Modem Candlemaking. Crown 8vo, cloth . 7/0 

" A tboroaghly practical treatise. We congratulate the author on the success of his endeavour 
to fin a void in l^gflsh technical literature."— A^/Mfv. 

**TlM work will prove very useful, not merely to the technological student, but to the 
< fncticid ioap boiler who wishes to understand the theory of his 9xt."— Chemical News. 



PRACTICAL PAPER-2VLAK1NQ« 

A Manual for Paper-Makers and Owners and Mausers of Paper-Mills. With 
TaUes, CalculaUons, &c By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres fr<»n Micro-Photognq»hs. Crown 8vo, cloth . . 6/0 

** The antiior caters for the requirements of responsible mill hands, apprentices, &c., whilst 
^ -Ws BUBual will be found ofgreat service to students of technology, as well as to veteran P>pw- 

eoakaa and mill owners. The illustrations form an excellent feature."— r^ tVortd's Pa^er Tradt 
Review, 

THE ART OP PAPER-MAKINQ« 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 

Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 

, Wood Fibre, with a Description of the Machinery and Appliances used. To 

^ which are added Details of Processes for Recovering Soda trom Waste Liquors. 

( By Alexander Watt. With Illustrations. Crown 8vo, cloth . . 7/6 

'* It may be rwarded as the standard worlc on the subject. The book is full of valuable 
iafoniMtioii. The * Art of Paper-Maldng ' is in every respect a model of a text-book, either for a 
' teclMifcal daasi or for the private student —/^a[^«r and Printing Trades ycumal. 

A TREATISE ON PAPER. 

^ For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 

Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical SchooL Demy 8vo, cloth 8/6 

CBMENT5, PA5TE5, QLUE5, AND QUM5. 

^ A Practical Guide to the Manufacture and Application of the various Aggluti- 

nants required in the Buikiine, Metal- Working, Wood- Working, and Leather- 

:, Working Trades, and (<x Workshop and Office Use. With upwards of 000 

Recipes. By H. C. Standagb. Thurd Edition. Crown 8vo, cloth . 2/0 

"We have pleasure in speaking fkvourably of this volume. So far as we hare had 
£5 not inconsiderable, this manual i« 



which £5 not inconsiderable, this manual is trustworthy."— .^/A«n«wm. 

THE CABINET-MAKER'S GUIDE 

TO THE ENTIRE CONSTRUCTION OF CABINET WORK. 

}' Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. ^ By 
^ Richard Bitmbad. Illustrated with Plans, Sections, and Working Drawings. 
f Small croMm Bvo, cloth . .* 2/6 

I FRENCH POLISHING AND ENAMELLING. 

A Practical Work of Instruction. Including Numerous Recipes for making 
ji, Polishes, Varnishes, Glazc'Lacquers, Revivers, &c. By Richard Bitmbao, 

Author of " The Cabinet- Maker's Guide." Small crown 8vo, cloth . 1/6 
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WATCH REPAIRING, CLEANING, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English 
and Foreign Watches, Repeaters, Chronographs, and Marine Chronometers. 
By F. J. Garrard, Springer and Adjuster of Marine Chronometers and Dedc 
Watches for the Admiralty. With over 200 Illustrations. Crown 8vo, cloth. 

[/flw/ Published. Net 476 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr. ex-Director of the School 

of Horology at Macon, by Julibn Trippun, F.R.A.S., Besancon Watch 

Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 

Seventy-eisht Woodcuts and Twenty-two Coloured Copper Plates. Second 

Edition. Super-royal 8vo, £2 2s. cloth ; half-calf . . £2 10«« 

** There is no horoloKlcal work in the English language at ail to be compared to this pfoduc- 

tloB of M. SauQier's for ciea m e M and completeness. It is alike good as a guloe for the stuoant and 

as a leJBrance for the experienced horologist and ikUled wo^aD»XL"'-Harol«g1cal If^tnal, 

** The latest, the most complete, and the most reliable of those Utenury productioiis to wUch 
contliMatal watchmakers are indebted for the mechanical superiority over their English biediien 
-In fret, the Book of Books is M. Saunier's ' Treatise.' "^JVatchmaJter, JtwelUr, mndSilvtrsmith. 

THE WATCH ADJUSTER'S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjuster in Making, 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures. 
By C E. Fritts. 370 pp., with Illustrations, 8vo, cloth . . 16/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Wo-kshop Companion for those engaged in Watchmaking and 

the Allied Mechanical Arts. Translated from the French of Claudius 

Saumuer, and enlarged by Tulibn Tripplin, F.R.A.S., and Edward Rig^ 

M.A., Assayer m the Royal Mint. Third Edition. Cr. 8vo, cloth. . g/Q 

■'Each part Is truly a treatise hi itaelC The arrangement Is good and the language bdeat 
and concise. It is an acunirable guide for the young waXx:\ata^Kt."—En£iHeerifi£. 

HISTORY OP WATCHES & OTHER TIMEKEEPERS. 

By James F. Kendal, M.B.H. Inst. 1/6 boards ; or cloth, gilt . 2/6 

*' The best which has yet appeared on this subject hi the English language."— /fuiiKjtfricr. 
" Open the book where you may, there is interesting matter in it concerning the ingenfoits 
derlces ot the ancient or modem horciloger."— vSa/Mnfajf Revieu^ 



ELECTRO^PLATINQ&ELECTRO^REFININQOPMETALS, 

Being a new edition of AuiXander Watt's " Electro-Deposition." Re- 
vised and Largely Revrritten by Arnold Philip, B.Sc, A.I.E.E., Principal 
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth. . liet \ 2/6 

** Altogether the work can be highly recoirmended to every electrO'plater, and is of nn* 
doubted interest to every electro-metallunist."— f/M^n'^a/ Review. 

••Eminently a book for the practical worker in electro-deposition. It contains piactlcat 
•leKtlptions of methods, processes and materials, as actually pursuM and used hi the wofuhop."— 



BLECTRO-METALLURQY« 

Practically Treated.^By Alexander Watt. Tenth Edition, indoding the 

most recent Processes, xamo, cloth 8/6 

** From this book both amateur and artisan may leam everything necessary for the suocessftif 
ycoeecution of electroplating."— /tm*. 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George E. Gee. Crown 8vo. 7/6 
**This manual of technical ed uc a t ion Is apparently destined to be a valuable anxlHafy to » 
bandiciaft which Is certainly capable of great improvement."— 77m Tinus. 

ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fourth 
Edition, Revised. Crown 8vo, cloth i 6/0 

" An excellent practical manual"— ^M^fMcriMf. 

** An excellent work, giving the newest mfonnation.''— if«rw/<(ir&»/ ywmal. 
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ELECTROTYPINQ. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
by the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 
cfoth 5/0 

**The book is thoroughly practical: the reader is, therefore, conducted through the leading" 
laws of electricity, then through the metau used by electrotypers, the apparatus, and the depositing 
processes, up to the final preparation of the woikr—Art ^oMnmal^ 

GOLDSMITH'S HANDBOOK* 

By Gborgk B. Gbb, Jeweller, &c. Fifth Edition, zamo, cloth . 8/0 

** A good, sound educator."-^£r»rw/<|grfni/ ymumal, 

SILVERSMITH'S HANDBOOK. 

By George £. Gee, Jeweller, &c. Third Edition, with numerous Illustra- 
tions, lamo, cloth ••• j ...... . S/Q 

*'The chief merit of the work is its practical character. . . . The workers In the trade will 
speedily discover its merits wlien they sit down to study KX^—EngHsh Mechanic 

\* Th4 abovi two works togtthtr, strongly half»boundt ptia 7s, 

SHEET METAL WORKER'S INSTRUCTOR. 

Compriang a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, said 
Tin-Plate Workers. By Reuben Henry Warn, Praaical Tin-Plate Worker. 
New Edition, Revised and greatly Enlarged by Joseph G. Horner. 
A.M.I.M.E. Crown 8vo, 254 pp., with 430 Illustrations, cloth . • 7/6 

SAVOURIES AND SWEETS 

Suitable for Luncheons and Dinners. By M'ss M. L. Allen (Mrs. A. 
Macaire), Author of " Breakfast Dishes," &c. Twenty-ninth Edition. F'cap 
8vo, sewed • 1 /O 

BREAKFAST DISHES 

For Every Morning of Three Morthte. By Miss Allen (Mrs A. MacairbX 
Author of "Savouries and Sweets," &c. Twecty-second Edition. F'cap Svo, 
sewed > • • I/O 

BREAD & BISCUIT BAKER'S & SUQAR-BOILER'5 

A5515TANT. 

Including a large variety of Modern Recipes. With Remarks on the Art of 

Bread-making. By Robert Wells. Third Edition. Crown Bvo, c!oth . 1 /O 

** A large number of wiinldes ton the oidinary cook, as well as the baker."— ^Sa<!Mnto> Rtview, 

PASTRYCOOK & CONFECTIONER'S QUIDE« 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 

Use. By R. Wells, Author of " The Bread and Biscuit Baker " . .I/O 

" We cannot speak too h^fhly of this really excellent work. In these days of keen competition 
mu iMdeis cannot do better than purchase this Yio6k,"—Bttk€r's Tttms, 

ORNAMENTAL CONFECTIONERY* 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With lao 

Original Designs. By Robert Wells. Crown 8vo, cloth . . 5/0 

" A Taluable work, practical, and should be in the hands of every baker and confectioner. 

The Bluatsative designs are worth treble the amount charged for the work."— ^oA^r'x Times, 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in their Manufacture. By R. Wells. 1 /Q 

" The work is of a decidedly practical character, and in every redpe reeard is had to econonUcal 
woMngr-^trth British Daii^ Afaii. ^ "-uiwccououucai 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloans, A.M., 
PI1.D. With numerous Illtutrations. Square 8vo, cloth. . . , 5/0 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

BdHor of *' Work '* (New Series), Aathor of " Lathe Work,** " MilUiic Ifaditiifli,^^ 

Crown 8vo, 144 pp., price zs. each. 

1^ This* Hamdtbooks havt b44H writUn to supplf im/ormoHoH for Wokkmbh. 
Studbnts, and Amatbuks in ths savral Handicrafts, on ths actual Pikacticb of 
tfu Workshop, and art intended to conwy in plain languag* Tbchnical Know. 
LBOGB of ths s»vral Crafts. In dsscribing ths procsssss smploysd^ and ths mampn^ 
lotion of matsrial, workshop tsrms ars ussd ; workshop practics is fully t*pUi4nsd ; 
and ths Uxt is frssly iUustratsd wUh drawings of modsm tools, appliancss, and 
procsssss, 

MBTAL TURNBR'5 HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With zoo lUnstratioiis. 

1/0 

** The t)ook win be of lertlce alike to the amateur and die aitisaa tncaar. It dbfteys 
thefoogh knoiHedge of the subject. "-^Scffi^rMait. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over 100 Iliostntiooa. 

1/0 

" We lecommend the book to young turners and amateufs. A miilUhide of wodnsMi have 
hitherto sought in vafai for a manual of this special industry."— JtfJKJtowtei/ ff^grid, 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Actuating. With npwaids of 

100 IHustratioos 1/Q 

** We strongly advise all young persons connected with the watch trade t» ■eqniie and ita^ 
this faiexpensiTe wotk."—ClerJ^HWtil ChronicU. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Fotmders. With 

upwards of 100 Illustrations 1 /O 

** A most Taluable, if not indispensable, manual lor the pattern maker. "—JTiMwMipt. 

MECHANICS WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, emhracfaig Information 
(m various Handicraft^ Processes. With useful Notes and Misoellai 

Memoranda. Comprising about aoo Subjects 1 /i 

*' A very dever and useliil book, which should be found in eveiy workshop; and It 
oeitalaly find a place in aH technical schools."— 5«Aintey Jtevitw, 

MODEL ENGINEER'S HANDYBOOK* 

A Practical Manual on the Construction of Model Steaas Bngines. With 

upwards of xoo Illustrations . . . .I/O 

*' Mr. Hasluck has produced a very good little book."— JMMtr. 

CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and AdUnsting. Witfi up w ai d s of 

xoo Illustrations t/Q 

** It is of inestimable service to those commenchig the trade."— C^ewMilo' Siamdmrd, 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, ApplianojM, and rfnciiwin 
employed in Cabinet Work. With upwards of 100 Illustrations . • I/O 
" Mr. Hasluck's thorough-going little Handybook Is amongst the most praollcat goldst «• 
have seen for b^^inners in cabmet-work."— Soitonfay Revttm, 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materids, Appliances and 
Employed in Woodworking. With 104 IIlustratioDS. . . . . - 

** Written by a man who knows, not only how work ought to be done, bat how to do it» 
how to convev his knowledge to at'ti0a."SMgiHe€riMf. 

** Mr. Hasluck writes admirably, and gives complete instructions."- g»yi^irasr. 

** Mr. Hasluck combines the experience of a practical teacher with the maniimlBlive sUi 
scientific knowledge of processes of the trained mechanician, and the — ^^I'l^lt an iinrsll of what 
nan be produced at a popular price."— 5^A«0/M«riirr. 

"Helpful to workmen of all ages and degrees of expeilenoe.''-^Ai<0' Chrmttk, 

*' Condae, clear, and pinctieal."— <5««Mn2ar Riview, 



COUMBRCE, COUNTING-HOUSB WORK, TABLES, ««. 41 

COMMERCE, COUNTING-HOUSE WORK, 

TABLES, ETC. 



LBS50NS IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 
Eidited and Revised by Jamss Gault, Professor of Commerce and Commercial 
Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 8/6 

** The publishen of this work have rendered cooiideimble service to the cause of commercial 
•dncatioa by the opportune production of thb volume. . . . The woric is pecuOarlir acceptable to 
RnffiUti readers and an admirable addition to ezistinf class books. In a phrase, we think the work 
ettuns ks object in furnishing a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be fiamiliar."— CAamArr ^Commtrct youmal. 

** An invaluable guide in the hands of those who are preparing for a commercial career, and. 
In fact, the information it contains on matters of business should be impressed on every one."— 
C n uMn g H»uu, 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corresfwndence in Five Languages — English. 
French, German, Italian, and Spanish. By Conkad E. Bakbk. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth . . . 4/6 

" Whoever wbhes to correspond in all the languages mentioned by Mr. Baker cannot do 
!better than study this work, the materials of which are excellent and convemently arranged. They 
consist not of entire specimen letters, but— what are fiir more useAil— ehort passages, sentences, or 
phrases expressing the same general idea in various ianca."—Ath*Maum. 

** A carefiil examination has convinced us that it Is unusually complete, well arranged and 
eeBable. The book is a thoroughly good one."— >S(AM/Max*r. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices on the 
NcMnenclature of Machine Details; the Income Tax Acts; the Rating of 
Facunries ; Fire and Boiler Insurance ; the Factory and Workshop Acts. &c., 
including also a Glossaiy of Terms and a large number of Specimen Rtuings. 
By Emilb Garckb and J. M. Fells. Fifth Edition, Revised and Enlarged. 
D«my 8vo, cloth 7/6 

** A very Interesting description of the reqalrements of Factory Accounts. . . . The principle 
«f asshnOating the Factory Accounts to the general commercial books is one which we thoroughly 
agree wVtu''—Ace»UHtaMt^ y^umal. 

** Characterised by extreme thorot%hness. There are few o w n er s of factories who would not 
•derive greet benefit from the perusal of this most admirable mA,"— Local G«v€mm€nt Chron4cU. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Sj^stems of the present Century. With 
an Appendix .containing a proposed English Sjrstem. By Lewis D A. 
Jackson, A. l/L. Inst. C. £., Author of " Aid to Survey Practice," &c. Large 

crown 8vo, cloth 1 2/6 

"We recommend the woric to all interested In the practical reform of our weights and 



A SERIES OF METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 

of the Metric System at {nresent in Use aa the Continent. ByC. H. Dowung, 

C.E. 8vo, cloth 10/6 

"Mr. Dowlfa^s Tables are well put together as a ready reckoner for the conversion of one 
«ystem iOko the i3iOams."--Atfi€*unttH. 

IRON AND^METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to xzas. per cwt., and from one farthing par pound to 
one shilling per pound. By Thomas Downib. Strongly bound in leather, 
396 pp. 9/0 



" A moat useful set of tables, nothing like them before existed."— J?w^iWi«f N€ws. 
•• AMkmi^ specially adapted to the Iron and metal trades, the tables will be found w 
«very other bomess in which merchandise is bought and sold by weight"— JS^tfawry Newt, 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 350,000 Separate Calculations, showing at a Glance the 
Value at 433 Different Rates, ranging from rijth of a Penny to 3os. each, or per 
cwt., and £ao per ton, of any number of articles consecutively, from i to 470. 
Any number of cwts., ars., and lbs., from x cwt. to 470 cwts. Any numbor of 
tons.^ cwts., qrs., and lbs., from x to x,ooo tons. By William Chadwick, 
Public Accountant. Fourth Edition, Revised and Improved. 8vo, strongly 
bound 18/u 

** It is as easy of ffeferance for any answer or any number of answers as a dictionary. Fbs 
nialrfng np accounts or estimates the book must prove mvaluable to all who have any considuabl* 
quanttty of calculations invplving price and measure in any combination to do,"^^figint«r. 

"The ouMt perliBCt woric of the Und yet prepared. "—(rAu;fv» Htraid, 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at. 

one Reference the exact Value of any Weight from x lb. to X5 tons, at 3oa> 

Progressive Rates, from xd. to i68s. par cwt., and containing x86.ooo Direct 

Answers, which, with their Combinations, consisting of a single addition 

(mostly to be performed at sight), will afford an aggregate (m xo,366,oo(> 

Answers ; the wnole being calculated and designed to ensure correctness and 

nromote despatch. By Hbnry Harbbn, Accountant. Sixth Edition, carefully 

Corrected. Royal 8vo, strongly half-bound. \Jusi PubUsktd. £1 ff s» 

" A practical and useful work of reflBrenQe for men of business generallv."— /rwifMMim^ 

" Of priceless value to business men. It is a necessary book in all meicantile offices."— 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufscturars^ 
Ironmongers, and Others, by which may be ascertained the Exact Profit arising 
from any mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from z| to 90 ^ cent., Tables of Discount from x^ to 98} per cent.» 
and Tables of Commission, &c., from § to xo per cent. By Henry Harbbn^ 
Accountant. New Edition, Corrected. Demy Bvo, half-bound . £1 ff s» 

" A book such as this can only be appreciated by business men, to whom the savinfiT of tim* 
means savinfiT of money. The work must prove of great value to merchants, manulactuiess, aiulk 
geoeral traders."— ^riMM Trudt ymma/, 

TABLES OP WAQE5. 

^t 54> 5^1 50 And 48 Hours per Week. Showing the Amounts of Wages fronk 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages- 
advancing by One Shilling from 45. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-bound • 6/0 

IRON-PLATE WEIGHT TABLE5. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
x foot by 6 in. by ^ in. to xo feet by 5 feet by i in. ^ Worked out on the Basis or 
40 lbs. to the square foot of Iron of x inch in thickness. By H. Burunson 
and W. H. Simpson. 4to, half-bound £1 6s« 



ORIENTAL MANUALS AND TEXT-B00K5. _^ 

Notice, Messrs. Crosby Lockwood & Son will forward on application a New 
and Revised List of Text-books and Manuals for Students in Oriental 
Languages, many of which are used as Text-books for the Examinations for the 
Indian Civil Service and the Indian Staff Corps; also as Class Books iiXk 
Colleges and Schools in India. 
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AGRICULTURE, FARMING, 
GARDENING, ETC. 

THB COMPLETE QRAZIER AND FARMER'S AND 

CATTLE BRBBDBR'S ASSISTANT. 

A Compendium of Hnsbandiy. Originally Written by William Youatt. 
Fourteenth Edition, entirely Re- written, considerably Enlarged, and brought 
w^ to Present Requirements, by William Fream, LL.D., Assistant Com- 
missioner, Royal Commission on Agriculture, Author of " The Elements of 
Agriculture," &c. Royal 8vo, x,zoo pp., 450 Illustrations, handsomely bound. 

£1 lis. 6d. 

Book I. On thb varibtibs, Brbbding, 
Rbaring, fattbning and Managb- 

UBNT OP CATTLB. 
BOOK II. ON THB ECONOMY AND MAN* 

AGBMBNT OP THB DAIRY. 
BOOK III. ON THB BRBBDING, RBARING, 

AND MANAGBMBNT OP HORSBS. 
BOOK rV. ON THB BRBBDING, RBARING. 

AND Fattbning op Shbbp. 
Book v. on thb brbbding, Rbaring, 

AND Fattbning op swinb. 
Book vi. on thb Disbasbs of Livb 

Stock. 



Book VII. On thb Brbbding. rbaring. 

AND MANAGBMBNT OP POULTRY. 

BOOK VIII. ON- Farm Oppicbs and 
implbmbnts op husbandry. 

book ix. on thb culturb and man- 
agbmbnt op grass lands. 

book x. on thb cultivation and 
Application op Grassbs, Pulsb and 

ROOTS. 

Book Xl. On manurbs and thbir 
Application to Grass Land and 
Crops. 

Book xil. monthly calbndars of 
farmwork. 

" Dr. Fream b to be congratulated on the successftil attempt he has made to give us a work 
which win at once become the standard classic ot the farm practice of tiie country. We believe 
that It win be found that it has no compeer among the many works at present in exbtence. . . . 
The illustrations are admirable, while the frontispiece, which represents the well-known bull. 
New Year's Gift, bred by the Queen, is a work of art"— 77m Times. 

** The book must be recognised as occupying the proud position of the most exhaustive work 
of rafsrence in the English language on the subject with which it dBais."—AtheHaum. 

''The most comprehensive guide to modem form practice (hat exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the library of every land 
owner."-^itfi»rik Lane Express. 

" In point of exhaustiveness and accuracy the work wiU certainly hold a pre-eminent and 
unique poation among books dealing with scientific agricultural practice. It is, In fact, an agricul- 
tural library of HbsitAV— North British AgricuUurist. 

FARM LIVE 5T0CK OP GREAT BRITAIN. 

By Robert Wallacb, F.L.S., F.R.S.E.. &c., Professor of Agriculture and 
Rural Economy in the University of Edinburgh. Third Ekiition, thoroughly 
Revised and considerably Enlarged. With over zao Phototypes of ^ze 
Stock. Demy 8vo, 384 pi>., with 79 Plates and Maps, cloth. . . 1 2/6 

** A reaUy complete work on the history, breeds, and management of the farm stock of Great 
Britdn. and one which is likely to find Its way to the shelves of every country gentleman's library." 
— 77w Times. 

" The * Farm Live Stock of Great Britain ' is a production to be proud of; and its issue not the 
least of the services which its author has rendered to agricultural science."— S^nMf A Farmer. 

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR PARMBRS AND FARM STUDENTS. 

By Primrosb McConnell, B.Sc., Fellow of the Highland and Agricultural 

Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 

and greatly Enlarged. Fcap. 8vo, 480 pp., leather, gilt edges . • 6/0 

CONTENTS :— Surveying AND Lbvblling.— Weights AND measures.— Machinery 

AND Buildings. — Labour. — operations. — draining. — Embanking. — Geological 

Memoranda. — Soils. — Manures. — Cropping. — Crops.— Rotations. — weeds. — 

FEEDING.— DAIRYING.— Live STOCK.— HORSES.— CATTLE. — SHEEP.— PiGS.— POULTRY.— 

Forestry.— HORTICULTURE.— Miscellaneous. 

" No fanner, and certainly no agricultural student, ought to be without this fMuUttfit^H-^mrvo 
manual of all subjects connected with the Uxm."—NcrA British Aericuiturist. 

" This little pocket-book contains a large amount of useful information upon all kinds ol 
agricultural subjects. Something of the kind has long been wanted."— Afar/fe Lane Exp* ess. 

" The amount of Information it contains is most surprising ; the arrangement of the matter is 
so methodical— although so compressed— as to be inteUlgtble to everyone who takes a glance through 
Its pages. They teem with information."— /v0r»» and Home. 

THE ELEMENTS OF AGRICULTURAL QEOLOQY. 

A Scientific Aid to Practical Farming. By Primrose McConnell. Author of 
"Note-Book of Agricultural Facts and Figures," &c. Royal 8vo, cloth. 

iv<^ 21/0 

" On every page the work bears the impress of a masterly knowledge of the subject dealt 
with, and we have nothing but unstinted praise to oSet."—Fieid. 
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BRITISH DAIRYINQ. 

A Hand^ Volnoie on the Work of the Daky-Farm. For the Ute of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Datry- 
Fanner. Br Prof. J. P. Shbldom. With Illnstri^ions. Second Edition, 

Revised. Grown 8vo, cloth 2/6 

" Coofidetttlv lecoimnended as a useful text-book on dalvjr tanakat[."--AgricitUHrai Gtuuttt, 
" Piobably the best half-crown manual on dairy work that has jr^ been produced."— ASptA 
BriHsh AtrlatUurixt. 

" It b the soundest ttttle work we have yet seen on the subject "—TA* Times, 

MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Induding a Chapter on Cream and the Methods oX its Separation from 
MiUc. By John Oliver, late Principal of the Western Dauy Institute, 
Borkeley. With Coloured Plates and aoo Illustrations. Crown 8vo, cloth. 

7/6 

" An exhaustlTe and masteiW production. It may be cordially recommended to aB students 
■nd practitlonen of dairy science. —iVtfrtA British Agrieuliurist. 

"We recommend this very comprehensive and carefully-written book to dairy-fiurmeis and 
students of dairying. It Is a distmct acquisition to the library of the agriculturist.''— 4r''^<cKAter«/ 
Gatxttt. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 
Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modem Fanning," &c. Crown 8vo, cloth 6/0 

" This Is the completest book of its class we have seen, and one which every amateur fiume* 
will read with pleasure, and accept as a guide."— ^ir/rf. 

OUTLINES OF MODERN FARMING. 

By R. Scott Bukn. Soils, Mantures, and Crops — Farming and Farming 
Boonomy^-Cattle^ "^^^^ '^^ Horses — Management of Dauy^ PigSi and 
Poultry — ^Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 1,350 pp., half-hound, profusely Illustrated ..... 1 2/0 

FARM ENGINEERING, The COMPLETE TEXT-BOOK of. 

Compising Draining and Embanking \ Irrigation and Water Supdlv ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines ; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp., halM>ound, with over 600 Ill'istrations. 

12/0 
" Written with great care, as wdl as with knowledge and ability. The author has done his 
work well; we hare found him a very trustworthy guide wherever we have tested his statements. 
The volume wUl be of great value to agricultural students."— Afarik Lant Bt^rtss, 

THE FIELDS OF GREAT BRITAIN. 

A Text'Book of Agriculture. Adapted to the Syllabus <A the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clbmbmts (Board of Trade). Second Edition, Revised, writh Additions. 

x8mo, doth 2/6 

" It is a long time since we have seen a book wliich has pleased us mote, or which contains 
such a vast and useful fund of knowledge."— £<^«M»tf0»a/ Tiimss, 

TABLES and MEMORANDA for FARMERS, GRAZIERS, 

AGRICULTURAL 5TUDBNT5, 5URVBYOR5, LAND AQBNT3, 
AUCT10NBBR5, &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 
Edition. 373 pp., waistcoat-pocket size, limp leather . •1/8 

** Weighing less than i os., and occupying no more space than a match-box, it contains amass 
of tacts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt witli. The work may be taken as thoroughly accurate, the whole of 
the tables having been revised by Dr. Fream. We cordially recommend ]t."-~Betrs JVeeJtfy 
Messenger, 

THE R0THAM5TED EXPERIMENTS AND THEIR 

PRACTICAL LB550N5 FOR PARMER5. 

Part I. Stock. Part IL Crops. By C. J. R. Tippbr. Crown 8vo, doth. 

8/e 

** We have no doabt that the book will be welcomed by a large class of farmers and otfaera 
in t eres te d la agriculture."— .SA»M<<<(r«f. 
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FERTILISERS AND FEEDING STUFFS. 

Their Properties and Uses. A Handbook for the Practical Farmer. By 
Bbknard Dtbr, D.Sc. (Lond.)- With the Text of the Fertilisers and Feeding 
Staffs Act of 1893, The R^ulations and Forms of the Board of Afpiculture, 
and Notes on the Act by A. J. David, B.A., LL.M. Fourth Edition, Revised. 
Crown 8vo, cloth. [Just Published. I/O 

"This Httltt book is precisely what it professes to be— *A Handbooic for the Practical 
Fanner.' Dr. Dver has done Cumcn good service in placing at their disposal so much oselul 
faifonnatlon in so inteUigible a fotm."-~Th€ Times. 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper I/O 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 
Fourth Edition. Crown 8vo, cloth. [Just Published, 2/6 

** The volume is a capital study of a most Important subject "—>ffricM/A«n>/ GrnxOtt, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, ftc, ftc. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End ot the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

FoUo, half-bound Nti 7/6 

" Contains every lequlrite for keeping form accounts readfly and accurately."— wf^Wln<A!wr«. 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samuel Wood. Crown 8vo, cloth 8/6 

" A good book, containing a great deal of valuaUe teaching."— C<in<ff»«rt' MagaMiH€, 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. Bjr S. Wood. Fourth 

Edition, with considerable Additions, and numerous Illustrations. Crown 

8vo, cloth 8/6 

'*A very good book, and one to be highly recomoMttded as a practical guide. The practical 
dlrectioos are excellent. "•—AthtHoutH, 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce ;C6ao a year, by the Cultivation 
of Fruits and Vegetables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise x>i76 per annum clear Profit. By Samubl Wood, Author of 
"Good Gardening,'* &c. Sixth Edition, Crown 8vo, sewed . . .I/O 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Oown 8vo, cloth . 3/6 

POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potata 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, late Editor of " Gardening Illustrated." Crowa 8vo, doth. 

8/6 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'5 TABLES FOR PURCHASING ESTATES 

AND FOR THB VALUATION OP PROPBRTlBS, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
&c., &c. 9^th Edition, Revised and Extended by William Schooling, 
F.R.A.S., with Logarithms of Nattural Numbers and Thoman's Loffuithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Just PublUJud. Ntt 8/0 
" Those interested in the purchase and sale of estates, and in the adiustment of compeosatlaa 
cases, as well as in transactions in annuities, life insurances, &c., will find the present edition of 
emfaient 9terAfM"—Bnsrine*ring. 

"This Taluable Doolc has been considerably enlarged and improved by the labours of 
Mr. Schooling, and is now very complete indeed." — Economist. 

" Altogether this edition will prove of extreme value to many classes of professional mea In 
saving them many long and tedious calculations."— /wivj/lprf' Review, 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND B5TATB AOBNT AND VALUBR*5 POCKBT A55LSTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 
John Whsblbr, Valuer, &c. Sixth Edition, Re-written and greatly Extended 

by C. NoRRis. Royal 3amo, cloth fi/Q 

" A neat and concise book of reference, containing an admirable and dearly-arranged list of 

prices for inventories, and a venr practical guide to determine the value of furniture, dec. "Standard, 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 

sale, or renewal of leases, annuities and reversions, and of property generally, with prices fof 

Inventories, and a guide to determine the value of interior fittings and other ^HtcX^—SuUdtr. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robbkt 
Squibbs, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . 12/8 
"The work is one of general excellent character, and gives much information In a con- 
pendious and satisfactory fona."— Builder. 

" May be recommended as giving a great deal of Information on the law relating to 
auctioneers, in a very readable form?'— Ziow youmai. 

THE AGRICULTURAL VALUER'5 A55I5TANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Realisation ; Forms of 
Valuations of Tenant Right ;^ Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts, &c. By Tom Bright, Agricul- 
tural Valuer. Author of" The Agricultxiral Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1883 — 1900. Crown 8vo, cloth . Air/ 6/0 

"Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 
contents and weights of timber, and farm produce of all lands."— Afrriculturad Gatette, 

** An eminently practical handbook, full of practical tables and data of undoubted Intaratt and 
value to surveyors and auctioneers in preparing valuations <^ all kinds."— farmer. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Ton Bright. Orown 
8vo, cloth 3/8 

"To valuers, foresters and agents It will be a welcome aid."— North BritishAgricuiturist. 
" Well calculated to assist the valuer hi the discharge of his duties, and of undoubted Intenit 
and use both to surveyors and auctlomeecs in preparing valuations of all kinds."— JiTm/ Herald. 



AUCTIONEERING, VALUING, LAND SURVEYING, ^. 47 
AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agn« 
cultural Valuer's Assistailt," &c. With Illustrations. Fcap. 8vo, Leather. 

J^ei 7/6 
" An exceedingly useful book, the contents of which are admirably chosen. The classes for 
whom the worlc is intended will find it convenient to have this comprehensive handbook accessible 
for reference." — Z.rz«« StacJk journal. 

" It is a ^gularly compact and well informed compendium of the facts and figures likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addnsaod."— Scotsman. 

THE LAND VALUER'S BEST ASSISTANT* 

Being Tables on a very much Improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure. &c. By R. Hudsoi«, C.E. New Edition. 

Royal 32mo, leather, elastic oand 4/0 

" Of incalculable value to the country gentleman and professional man."— FarwMrj* yaumal. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By John Ewart, 
Surveyor. Second Edition, Revised. Royal 3amo, oblong, leather , 4/0 
" A compendious and handy littl •<ro}xaait." —Spectator, 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to^ the Purchase,^ Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixttires : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 
Seventh Edition, xamo, cloth [/M<r/ Published. 5/0 

** The advice is thoroughly practical"— J^ow yournat. 

" For all who have dealings with house property, this is an Indispensable m\de."—D«coration. 
" Carefully brought up to date, and much unproved by the addition of a diviston on Fine Art. 
A well-written and thoughtful work."— £aM^ Agents' Record. 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By Johm 
B. Mackib, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

** This invaluable guide to Journalism is a work which all aspirants to a Journalistic caraer will 
lead with advantage."— yMfrMa/ir/. 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramwa]^, Gas and Water Works, &c. 
By L. L. Macassbt, of the Middle Temple, Barrister-at-Law, M.I.C.E. 
8vo, cloth £1 fis. 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . •1/6 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jeans. Crown 8vo, aoo pp., 
cloth . » 2/6 
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BVBRY MAN'S OWN LAWYER. 

A Handy^Book of the Principles of Law and Equity. With a Conciss 
Dictionary op Legal Tekms. By A Barrister. Forty-second EditicHi, 
carefully Revised, and comprisins Mew Acts of Parliament, including the- 
Preventton of Cruelty to Children Act, 1904 ; Weights and Measures Act, 1904 ;. 
Licensing Act, 1904; Shop Hours Act, 1904; as well as the Motor Car Act, 
1903; Employment of Children Act, 1903; Poor Prisoners* Defence Act, 
Z903, &c. Judicial Decisions pronounced durng the year have also been duly^ 
noted. Crown 8vo, 800 pp., strongly bound in cloth. [Just Published, 6/8> 



* 



This Standard Work 0/ Reference forms A Complbtb Epitomk of thr 
Laws op England, comprising {amongst other matter); 



THE RIGHTS AND WRONGS OF INDIVIDUALS 



LANDLORD AND TENANT 
VENDORS AND PURCHASERS 
LEASES AND MORTGAGES 

{OINT-STOCK COMPANIES 
ffASTERS, SERVANTS AND WORKMEN 
COWTRACTS AND AGREEMENTS 
MOHEY-LENDING, SURETISHIP 
PARTNERSHIP, SHIPPING LAW 
SALE jeSTi PURCHASE OP GOODS 

cheques, bills and notes 
Bills op Sale, Bankruptcy 
LiPB, Fire, and Marine Insurancb 
Libel anr Slander 



Criminal Law 
Parliamentary Elections 
County Councils 
District and Parish Councils 
BOROUGH Corporations 
Trustees and Executors 
clergy and churchwardbks 
Copyright, Patents. Trade marks 
husband and wipe, divorce 
inpancy, custody op children 
Public health and Nuisances 
Game Laws, Gaming, Innkeepers 
Taxes and Death Duties 



FORMS OF Wills, agrbbments, notices, &c. 



■■T T%e ebjtct <tf this work is to tnabU these who ccMsutiit to help thsmsehtes to Oks 
law : and thenby to dispense^ as/ar tt* postals, with pr^essional assistana and advice, TTUrv^ 
are many wrmgs and grisvancss which persons submit to from time to time Otroufh not 
knowintr how or where to a/piy/or redress; and many persons have as great a dread ^a 
lawyer's office tu o/a lion's den, WUh this book at hand it is believed that many a SlX-AND- 
ElGHTPENCB may be saved; many a wrong redressed ; many a right reclaitned; many m ktw 
tuit avoided; and many an evil abated. The work has estabHshed itsel/ as the standard legal 
adviser o/all classes, and has also made a refutation /or itself as a use/M book of reftrenttfor 
lawyers residing at a distance fTom law libraries, who are glad to have at hand a worh 
embodying recent decisions and enaettnentt. 



*«* Opinions of thb Prrss. 

'* The amount of infonnation given in the volume is simply wonderfuL The continued 
popularity of the work shows that it fulfils a useful purpose."— Zaw journal. 

*' As a book of reference this volume is without a nvaL"-~Pall Mall Gattette, 

" No Eng^lisbnian ought to be without this Inxik."— Engineer. 

" Ought to be in every business establishment and in all libraries."— 5A<^«M Post. 

*' The ' Concise Dictionary ' adds considerably to its v?ia^."— Westminster GaMotte. 

" It Is a complete code of English Law written in pUdn language, which all can undetsCuid. 
. . . Should be in the hands of evesy business man, and all who wish to ab^bh lawyert' Mflab"— 
tVeekly Times. 

" A useful and concise e|rftome of the law, compiled with considerable caxe.'*^-Law MagtueiHc 
" A complete digest of the most usefiil facts which constitute English ]xw.''— Globe. 
"Admirably done, admirably arranged, and admirably cheap."— Z«n^ Mercury. 
" A concise, cheap, and complete epitome of the English law. So plainly written that ke who> 
runs may read, and he who reads may understand."— ^;^fv. 

" A dictionary of legal fects well put together. The book is a very useful one."— 4j^Mtel^. 



LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services.** By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlsv, 



Solicitor. Fcap. 8vo, cloth 



3/& 
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popular with or more useful to young engineers and others than the 
excellent treatbes comprised in Wealb's Sbribs."— Engineer. 
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2 weale's scientific and technical series. 

CIVIL ENGINEERING & SURVEYING, 
Oivil Entfin««rinf . 

By IiBNKY Law, M.IoslCE. Indoding a Treatise on Hydraulic 
Enginbbking by G. R. Buknbll, M.I.CE. Seventh Edition, revised, 
with Largb Additions by D. K. Clakk, M.I.CE. . . . 6/6 

Pioneer Entfineerinf : 

A Treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By Edwakd Dobson, M.Inst.CE. 
With numerons Platesi Second Edition 4/6 

Iron Bridges of Moderate Span: 

Their Constmctioo and Erection. By Hamilton W. Pbndskd. With 40 
Illustrations 2/0 

Iron and Steel Bridges and Yiadncts. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, CE. With Illus. 3/6 

Ck>nstruotional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Fkancis 
Campin, CE 3/6 

Tubular and other Iron Girder Bridtfes. 

Describing the Britannia and Conway Tabular Bridges. By G. Dbvsdalb 
Dbmpsbv, CE. Fourth Edition . 2/0 

Materials and Oonstruotion : 

A Theoretical and Practical Treatise on the Strains, Desisntng, and Erec- 
tion of Works of C<»structioii. By Fkancis Campin, CE. . . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charlbs Slagg, Assoc M.Inst.CE. Third Edition . . 3/0 

Ck>nstruotion of Roads and Streets. 

By H. Law, CE., and D. K. Clark, CE. Sixth Edition, revised, with 
Additional Chapters by A. J. Walus-Taylbk, A.M. Inst. CE. . 6/0 

Oas Works, 

Their Construction and Arrangement and the Manufacture and Distribu- 
tion of Coal Gas. Originally written by S. Hughrs, CE. Ninth Edition. 
Revised, with Notices of Recent Improvements, by Hbnrv O'Connbr, 
A.M. InsL CE., Author of '*The Gas Engineers' Pocket Book.*' 

^„ ^ ^„ , u^tt Pubiisha, 6/0 

Water Works 

For the Supply of Cities and Towns. With a Description of the Principal 
Geological Formations of England as influencing Supplies of Water. By 
Samubl Hughbs, F.G.S., CE. Enlarged Edition .... 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrosutic Engines. By Joseph Glynn, F.R.S. New Edition . 2/0 

WeUs and WeU-Sinking. 

By John Geo. Swindell, A. R. I. B. A., and G. R. Bhrnbll. CE. * Revi<ed 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Iiands, Towns, and Buildings. 

By G. D. Dempsev, CE. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.I.CE. Third Edition . . 4/Q 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. BuKGOYNE, K.CB f/Q 

Foundations and Concrete Works. 

With Practical Remarks on Footings, Plankinz, Sand, Concrete B^on^ 
Pile-driving, Caissons, and Cofferdams. By £. Dobson. Ninth Ed. \ /Q 



weaub's soikntific and txohnigal sbrubbl 3 

Fttenmatios, 

Indttding Acoottics and ths FlMnoaMiia of Wind Oumntt. for iIm Ute of 
Boginnen. By Charlrs Tomlinsoic, F.R.S. Fourth Bdidon • t/6 

Lftad and Englneerintf SarTeyinf. 

For StadonUand PrmcticiJUse. ByT. Bakbk,CE. Nineteenth Edition, 
Reirised and Extended hj F. E. Dixoir|A.M. Inst. CE., Professional Asso- 
ciate of the laatitation oi Sanrcyon. With niiiMWWUi luustrations and two 
Lithographic Plates 2/0 

Msnsnration and Measarintf. 

F(Nr Students and Practical Use. With the Mensoration and Levellinc of 
Land for the purposes of Modem Engineeriag. By T. Bakbk, CB. New 
Edition by E. Nugbmt, CE 1/6 

MINING AND METALLURGY. 
Mining Oaloulations, 

For the use of Students Preparing for the Examinations for Colliery 
Managers' Certificates, comprising numerous Rules and Examples in 
Arithmetic, Algebra, and Mensnrataoo. By T. A. O'Donarvb, M.R.. 
First-Class Certificated Colliery Maaagsr 3/6 

Mineralo^, 

Rudiments of. By A. Ramsat, F.O.S. Fourth Edition, rorised and 
enlarged. Woodcuts and Plates 3/6 

Goal and Goal Mining, 

A Rudimentary Treatise on. Bt the late Sir Waiiinotoic W. Smttn, 
F.R.S. Eighth Edition, revised by T. FoBiTBK Bkoww . . 3/6 

Metallurgy of Iron* 

Contaming Methods of Assay, AnaWies of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c Bj H. BAUBrnMAN. F.G.S. With Munerous 
Illustrations. Sixth Edition, revised and enlarged .... S/0 

The Mineral Snrreyor and Yalner's Gomplete Guide. 

By W. LiNTBKN. Fourth Edition, with an Appendix on Magnetic and 
Angular Surveying 3^ 

Slate and Slate Qnarrying: 

Scientific, PracticalT and CommerciaL By D. C Davibi, F.O.S. With 
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0 

A First Book of Mining and Quarryintf, 

With the Sciences connected therewith, for Friaaurj Schooli aad Self-In* 
struction. By J. H. Coluns, F.G.S. Second Edition . • 1 /6 

Sabterraneons Siunreying, 

With and without the Magnetic NeedU. By T. Fbmwick aad T. Bakbk. 
CE. Illustrated 2/6 

Mining Tools. 

Manual of. By William MoBOAMt, Leetarer on Plractical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, oootaining 935 Illostrationsof Mining 
Tools, drawn to Scale. 410 4/6 

Physical Geology, 

Partly based on Mivor>G«n«nl Poktlock's ** Rudiments of Geology." 
By Ralph Tatb, A.US., ftc Woodcuts 2/0 

Historioal Oeologjf , 

Partly based on Major-Genond Portlock's " Rudiments." By Ralph 
Tatk, A.L.S., ftc Woodcuts 2/6 

OeolMfy, Physical and Historical. 

Consisting of " Physical Geology," whidi sets forth the Leading Prindptes 
of the Science; and "Historiad Geology," which treats of the Mineral 
aad Organic Conditions of the Blarth at each succesnve epodi. By Ralph 
TAn,F.G.S. 4/6 
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MECHANICAL ENGINEERING. 
The Workman's Manual of Bnginearin|[ Drawing. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College. Greenwich. Eighth Edition. 300 Plates and Diagrams . 3/6 

Fuels: Solid, liiqaid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H.^. Phillips, F.CS., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Fourth Edition 2/0 

Fuel, Its Oombustion and Boonomy. 

Consisting of an Abridgment of *' A Treatise on the CcHnbostion of Coal and 
the Prerention of Smoke." By C W. Williams, A.I.C.E. With Exten- 
siTe Additions by D. K. Clark, M.Inst.C.£. Fourth Edition . 3/6 

The Boilermaker's Assistant 

In Drawing. Templating, and Calculating Boiler Work, ftc By J. CouKT- 
NBY. Practical Boilermaker. Edited by D. K. Clark, Ck. . 2/0 

The Bouer-Maker's Beady Beokoner, 

With EKsmples of Practical Geometry and Templating fnr the Use of 
Platers, Smiths, and Riveters. By John Courtnky. Edited by D. K. 

Clark, M.I.CS. Fifth Edition 4/0 

*«* The last tw0 Work* in On* Volume^ half-bound, ouiitltd ** The Boilbr- 

maker's Rsadt-Rkckonbr and Assistamt." By J. Courtney and 

D. K. Clark. Prict 7/0. 

Steam Boilers: 

Thdr Construction and Management By R. Armstrong, C E. Illustrated 

1/6 
Steam and Machinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E 2/6 

Steam and the Steam Bngine, 

StationaiT and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewbll. By D. K. Clark, CE. Fotuth Edition 3/6 

The Steam Bn^ine, 

A Treatise aa the Mathematical Theory 9t, with Rules and Examples for 
Practical Men. ByT. Bakbr, CE 1/6 

The Steam Bngine. 

By Dr. Lardnkr. Illustrated 1/6 

LooomotiTe Bngines. 

ByG. D. Dbmpsbv, C.E. With large Additions treating of the Modem 
LooomotiveM>yD. K. Clark, M.InsLCE. . . . . 3/0 

Locomotive Bngine-Driirinif. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michabl Reynolds. Eleventh Edition. 3^. 6d, ; doth boards . 4/6 

Stationary Bn^^e-Drivln^. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Seventh Edition. 3^. 6d, ; cloth boards . 4/0 

The Smithy and Forge. 

Inclodinf the Farrier's Art and Coach Smithing. By W. J. E. Crane. 
Fourth Edition 2/6 

Modem Workshop Practice, 

As applied to Marme, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Ship-building, &c. By J. G. Winton. 
Fourth Edition, Illustrated ... 3/6 

Mechanical Bngineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 

« Macninery, Mechanical Manipulation, Manufacture of the Steam Engine, 

ftc. By Francis Campin, C.£. Third Edition .... 2/6 

Details of Machinery. 

Conprising Instructions for the Execution of various Works in Iron in die 
Fitting-Shop, Foundry, and Boiler- Yard. By Francis Campin, CE. 3/0 



WEALE'S SCIENTIFIC AND TECHNICAL SEBISa 6 
Elementary Bn^ineerintf : 

A Manual for Young Marine £ngineen and ApprenticM. In the Font of 

S Questions and Answers on Metals, Alloys, Strength of Materials, fte. 
y T. S. Brswrk. Fifth Edition 1/6 

Power in Motion: 

Horse-power Motion, Toothed*Wheel Gearing, Long and Short Drinng 
Bands, An^ar Forces, ftc. By Jambs Armour, CE. Third Edition 2/0 

Iron and Meat, 

Exhibiting the Principles concerned in the Construction of Iiod Beams, 
Pillars, and Girders. By J. Armour, C.E 2/6 

Practioal Mechanism, 

And Machine Tools. By T. Bakbr, C.B. With Remarks oo Tools and 
Machinery, by J. Nasmyth, CE. 2/6 

MechanioB : 

Beine a concise Exposition of the General Principles of Me<4AnicRl Scaenoe, 
and Uieir Applications. By Cuarlbs Tomlinson, F.R.S. . .1/6 

Cranes (The Oonstruotion of), 

And other Machinery for Raiung Heavy Bodies for the Edriction of Boild- 
bgs, &C. By JosBPH Gltnn, r.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By Jambs Gbbbnwood, B.A 
With numerous Woodcuts and Goloared Plates. New and enlai|^ed 
Edition. By W. H. Rossbr 2/6 

Practical Navigation. 

Consisting of Thb Sailor's Sba-Book, by Tamks Grsbnwood and W. H. 
RossER ; together with Mathematical and Nautical Tables for the Working 
of the Ftoblems, by Hbnry Law, C.E., and Prof. J. R. Young . 7/0 

Navigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, CE. Together with a 



Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Ritf^tf of Ships. 

Also Tables of Spars, Rigging, Blocks ; Qiain, Wire, and Hemp Rop«^ 
ftc, relative to every class (U vessels. By Robbrt Kipping, N.A. . 2/0 

Sails and SaU-Makintf. 

With Draughting, and the Centre of Effort of the Sails. By Robbrt 
Kipping, N.A 2/6 

Marine Bn^ines and Steam Vessels. 

By R. Murray, C.E. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by Gborgb Caruslb, CE. • . 4/6 

Naval Arohiteoture : 

An Exposition of Elementary Prindples. By Jambs Pbakb . . 3/0 

Ships for Ocean and Riirer Senrice, 

Principles of the Construction of. By Hakon A. Sommbrpbldt . 1/6 

Atlas of Bn^airings 

To Illustrate the above. Twelve large folding Platei. Royal 4to, doth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Tenth Edition, with nnmeroos IllastnuioM aad 
Models 1/e 
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ARCHITECTURE AND THE 

BUILDING ARTS. 
Ckmstraotional Iron and Btmel Work, 

As applied to Public, Private, and DooieeCic Buildingi. By Fkamcis 
Campin, CE 3/8 

BnUdintf Estatos : 

A Treatise on tlie DeTelopment, Sale, Purchase, aad Management of Build- 
ing Land. By F. Maitland. Third Edition 2/0 

The Boionoe of Building : 

An Elementary Treatise on the Principles of Construction. By E. Wtmd- 
■AM Tahn, M.A Lond. Fourth Edition 3/6 

The Art of BuUding : 

General Principles of Construction, Strength, and Use of Materialsi Workiiw 
Drawings, Specifications, ftc By Edwako Dobsom, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Bkkstt, Q.C (Lord Gkim- 
thokpb). Second Edition 4/6 

Dweiling-Honsee (The Erection of), 

Illustrated l»y a Perspective View, Plans, and Sections of a Pur of Villas, with 
Spedfication, Quantities, and Estimates. By S. H. Bkooks, Architect 2/6 

Oottatfe BoUdintf. 

By C Bnuot Allbh. Twelfth Editbn. with Chapter on Econoinic Cot- 
tages for Allotments, by E. £. Allkn, C.E. 2/0 

Aoonstioe in Relation to Architeoture and Building: 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
ftssor T. RoGBR Smith, F.R.I.B.A. New Edition, Revised . .1/6 

The Rndiments of Praotioal Bricklaying. 

Geaeral Principles of Bricklajring ; Aich Drawing, Cutting, and Setting ; 
Pointing ; Paving, Tiling, ftc. By Adam Hammond. With 68 Woodcuts 

1/6 
The Art of Praotioal Briok Ontting and Setting. 

By Adam Hammond. Hl^th 90 Engravings 1/6 

Briokwork: 

A Practical Tkeatise, embodying the General and Hu^er Principles of 
Bricklaying, Cutting auul Setting ; with the Application oTGeometry to Roof 
Tiling, ftc. ByFiVAUcn 1/6 

Brioke and Tilee, 



Rudimentary Treatise 00 the Manufacture of; containing an Outline of the 
Principles of Brickmakinjr. By £. Dobson, M.R.LB.A. Additions hy 
C ToMLiNSON, F.R.S. Illustrated 3/0 



The Praotioal Briok and Tile Book* 

Comprising: Brick and Tilb Making, by E. Dobson, M.Inst.CE.; 
Practical Bucklaying, by A. Hammond ; Brick-cottino and Setting, 
hy A. Hammond. 550 pp. with S70 Illustrstaons, half-bound . . 6/0 

Oavpentn and Joinery— 

Turn £lbmbntarv Principlbs of Carpbntry. Chiefly composed froai the 



Standard Work of Thomas Trbdgold, C£. With . 

OM Joimbrt, by E. W. Tarn, M.A. Eighth Edition . 3/6 

Carpentry and Joinery— Atlaa 

Of 3S Plates to accompany and Illustrate the feMffoing book. With 
Descriptive Letterpress. 4to . 6/0 
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A Praotioal Treatise on Handrailing; 

Showing New and Simple Methods. By Gbo. Collings. Third Edition, 
including a Trbatisb on Stairbuilding. With Plates . . . 2/6 

Oivoalar Work in Oarpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By Georgb Collings. Fourth Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Working 
Carpenters. By Gbo. Collings 2/0 

The Ck>nstruction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tred^old, and Humber. Bv 
E. Wyndh AM Tarn, M. A., Architect. Fourth Edition . . •1/6 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With x6o Woodcuts . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gborgb 
H. Blagrovb. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. B. Gbandy 2/0 

Plumbing: 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Ninth Ediuon, with 51a Illustrations 3/6 

Yentilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing/' &c. With 170 Illustrations 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kbmp 2/0 

House Painting, Orainintf, Marblintf, ft Sign Writing. 

With a Course of Elementary JJrawine, and a Collection of Useful Receipts. 
By Elus a. Davidson. Eighth Edition. Coloured Plates 6/0 

*»* TJU abavtt in cloth board*^ strongly bounds 6/0 

A Grammar of Ck>Iouring, 

Applied to Decorative Painting and the Arts. By Gborgb Fibld. New 
Edition, enlarged, by Ellu A. Davidson. With Coloured Plates . 3/0 

Momentary Decoration 

As applied to Dwelling Houses, &c. By Jambs W. Facbt. Illustrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By Jambs W. Facbt 

2/6 
%* Th* last two Work* in On* handsom* VoL^ ha^-bound^ entitled ** HousB 

DbCORATION, ElBMBNTAXY and PKACTICAL,''/r£i;«5/0* 

Portland Cement for Users. 

By Hbnrv Faija, A.M.Inst.C.E. Third Edition, Corrected . . 2/0 

Iiimes, Oements, Mortars, Ck>ncretes, Mastics, Plas- 
tering, ftc. 

By G. R. BuBNBLL, C.E. Fifteenth Edition 1/6 
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Masonry and Ston«-Outtinj(. 

The Principles of Masonic Projection and their an»UcatioB to Construction. 
ByEowAKD DoBSON, M.R.I.B.A. 2/6 

Arohes» Piers» Battvesses, fto«: 

Expe rime ntal Essays on the Principles of Coostmctioo. By W. Bland. 

1/6 

Quantities and MeasaFements, 

In Bricklayers', Masons', Plasterers'. Plnmbers', Painters', Faperhangen*, 
Gilders', Smiths', Carpenters' and Jomers' Work. By A. C Bbaton. 1 /6 

Ths Ck>niplsts Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 
HoKTON. Sixth Edition 470 

Guide to Superfloial Measurement ; 

Tables calculated from i to eoo inches in length, by i to io8 indies ia 
breadth. For the use of Architecu, Surveyors, Engmeers, Timber Mer> 
chants. Builders, &c By Jambs Hawkings. Fifth Edition . . 3/6 

lAghti 

An Introduction to the Science of Optics. For the Use of Students of Archi> 
tecture. Engineering, and other Applied Sciences. By E W. Taxn, 
M.A. 1/6 

Hints to Young Arohiteots. 

By Gkorgb Wightwick, Architect. Sixth Edition, revised and enlaiged 
by G. HusKissoN Guixxaumb, Architect 3/6 

JLrohiteoture— Orders : 

The Orders and their .Ssthetic Prindples. By W. H. Lbbds. Illustrated. 

1/6 
Arohiteoture— Styles : 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest Period. By T. Talbot Bust . . 2/0 
*«* Ordbbs and Stylbs op Architbctubb, in Otu V^L, 3/6* 

JLrohiteoturo— Desi^ : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Eow. 
Lacy Garbbtt, Architect Illustrated 2/6 

*«* TAe tkrtt prtceding Workt in Otu handtottu V^L^ kalf-boMMd^ tntUUd 

"MODBRN AKCHITBCTURE,"/rf;r#6/0« 

Perspeotive for Beginners. 

Adapted to Yotmg Students and . 

By Gborgb Pynb ' . . "2/0 

Arohiteotural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. jBwrrr 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gbssbrt and Emanubl Otto Frombbrg. With 
an Appendix on Thb Art of Enamblling 2/6 

TitruTius— The Arohiteoture of. 

In Ten Books. Translated from the Latin by Josbph Gwilt, F.S.A., 
F.R.A.S. With 33 Plates 6/0 

N,B,—TkU is tk* only Editum, e^ViTBUVius procurmhle tU a m&eUraU ^riet. 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl op Abbrdbbn. 1 /O 

%* Tk» iw0 prtctdmg Works in One handsome Vol., haffikowid, miitUd 
"Amommt Abchitbcturb," /tkv 6/0* 



Adapted to Yotmg Students and Amateun in Architectuce, PRinting,_ft^ 
" Gi " 
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INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Olues, and Gums. 

A Guide to the Manu&cture and Application of Ags^utinanCt. With 900 
Recipes and FormuUe. By H. C. Standagb 2/0 

Clocks, Watches, and Bells for Public Purposes. 

A Riidimentary Treatise. By Edmund Bbckbtt, Lord GRiMTHORrs. 
LL.D., K.C., F.R.A.S. Eighth Edition, with new List of Great Bells and 
an Appendix on Weathercodu. [Just pnbUshtd. 4/6 

*«* The above ^ htuuUomely bounds cl&th boards, 5/6 • 

SSleotro-Metallur^, 

PracticMlly Treated. By Albxandbr WATf. Tenth Edition . 3/6 

The Goldsniith*s Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refininj^, Recovery of Waste, Solden, Enamels, 
&c., &c. By Gborgb E. Gbb. Sixth Edition 3/0 

The SilYersmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. £. Gbb. 3/0 
*«* Tke last two IVorJks, in One hanasome Vol., half-bound, T/0* 

The Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hall 
Marks at the various Assay Offices. By Gborob E. Gbb . . 3/0 

French Polishing and ESnamellin^. 

Numerous Recipes for making Polishes, Vamishet, ftc. By R. Bitmbad. 

1/6 
Practical Organ Building. 

By W. E. Dickson, M. A Second Edition, Revised, with Additions 2/6 

Coaoh-Building : 

A Practical Treatise. By Jambs W. Bubgbss. With 57 Illustimtions 2/6 

The Cabinet-Maker's Guide 

To the Entire Construction of Cabinet-Work. By R. Bitmbad . 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, &c. By W. Graham . 2/0 

The Sheet-Metal Worker's Guide. 

For Tinsmiths, Coppersmiths, Zincworkers, &c. By W. J. E. Cranb. 1 /6 

Sewing Machinery: 

Its Construction, History, &c. By J. W. Urquhart, CE. . . 2/0 

Gas Fitting: 

A Practical Handbook. By John B(.ack. New Edition . .2/6 

Construction of Door luocks. 

From the Papers of A. C. Hobbs. Edited by C. Tomlinson, F.R.S. 2/6 

The Model luocomotive Engineer, Fireman, and 
Bngine-Boy. 

By MicHABL Rbynolds * - 3/6 

The Art of I^etter Painting made SSasy. 

By J. G. Badbnoch. With 12 full-page Engravings of Examples . 1 /6 

The Art of Boot and Shoemaking. 

Measurement, Last-fitting, Ctttting-out, Closing, &c. By J. B. Lbno. 2/0 

Mechanical Dentistry: 

By Charlbs Hunter. Fourth Edition 3/0 

Wood BngraYing: 

A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /6 

Laundry Management. 

A Handbook for Use in Private and Public Laundries ... 2/0 



10 WSALS'S SCIENTIFIC AND TECHNICAL SERIES. 



AGRICULTURE, GARDENING, ETC. 
Draining and Bmbankin^: 

A Practical Treatise. By Prof. John Scorr. With 68 lUustratiou 1/6 

Irrigation and Wat«r Supply: 

A Practi<ial Treati5« on Water Meadowi, Sewage Irrigatioii, Warping, ftc. ; 
oa the Coostniction of Wells, Poods, ReaerToirs, &c By Prof. John 
Scott. With 34 lUustrations 1/6 

Farm Roads, Fonoos, and Gates: 

A Practical Treatise 00 the Roads, Tiamways. and Waterways of the 
Farm ; the Principles of Enclosures ; and the different kinds et* Fences, 
Gates, and Stiles. By ProC Johm Scott. With fs lUnsfwirions . 1/6 

Farm Buildings: 

A Practical Treatise 00 the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and F^*^Tif>ttf By Prof. 
John Scott, With los Illustrations 2/0 

Bam Implements and Maohines: 

Treatmg of the Application of Power and Machines used in the Threshing- 
ham, Stockyard, Dairy, &c By Pro£ J. Soott. With laj Illustrations. 

2/0 
Field Implements and Maohines: 

With Principles and Details of Construction and Points of Excellence, then 
Management, &c By PvoH John Scott. With 138 Illustrations . 2/0 

Agrioultural Surveying 



A Trsatise on Land Surireymg, Levelling, and Setting-ont ; with Directions 
for Valuing Esutes. By Prof. J. Soott. With 6e illustrations . 1 /q 

Farm Bngineering. 

By Professor Jomi Scott. Com|»rising the above Seven Volumes in One, 
1,150 pages, aind over 600 Illustrations. Half-bound ... 1 2/0 



Outlines of Farm Management. 

Treating of the General Work of the Fann ; Stock ; Contract Work ; 
Labour, ftc By R. Scott Buxn 2/6 

Outlines of lianded Bstates Management. 

Treating of the Varieties of Lands, Methods of Farming, SettingHtut of 
Farms, Roads, Fences, Gates, Drainage^ ftc By R. Scott Buxm . 2/6 

Soils* Manures, and Crops. 

(VoL I. OuTLiMBS OF IfoDBKN Faxmiiio.) By R. Scott Bum . 2/0' 

Farming and Farming Boonomy. 

(VoT II. OuTLiNM OP MoDMMM Fasmimo.) By R. Sgott Bvm 3/0 

Stock: Oattle, Sheep, and Horses. 

(Vol III. OuTLiNss OP MoDBSM Fasminq.) By R. Scott Bum 2/6 



Dairy, FigSi and Poultry. 

(Vol. IV. OUTUMBS OP MODBl 



(Vol. Iv. OuTUMBS OP MoDBSN Famiing.) By R. Scott Bvbm 2/0 

Ut'lisation of Sewage, Irrigation, and Reclamation 
of Waste I^and. 

^ (Vd. V. OuTLiNBS OP MoDBRN Farmimo.) By R. Scott Bukm . 2/6 
Outlines of Modem Farming. 

By R. Scott Bukm. (Consisting of the above Five Vohunea in On% 
'••SO PP^i profusdy Illustrated, half-bound 12/0 
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Book-k«eping fop Farmers and B state Owners. 

A Practical Treatise, presenting, in Three Plans, a system adapted for aD 
classes of Farms. By J. M. Woodman. Fourth £dition 2/0 

Ready Reckoner for the Admeasurement of I«and. 

By A Arman. Revised and extended by C. Norkis. Fifth Edition 2/0 

Miller's, Ck>m Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modern Flow Mill Marhintry, 
by W. S. HuTTON, CK. 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioaeen, Valaers, Fanaen, Hay aad Sttmw 
Dealers, ftc By John Stbblb 2/0 

Meat Production. 

A Manual for Prodncert, Distribators, and ContunMn of BntdMM* Meat. 
By John Ewaxt • • • 2. 6 



Sheep 



The History, Structure, Economy, and Diseases of. By W. C Srooirn, 
M.R.V.S. Fifth Edition, with fine Engravingi • . « • 



Market and Kitchen Gardening. 

By C W. Shaw, late Editor of *' Gardening Illustrated" . . 3/)§ 

Kitchen Gardening Made SSasy. 

Sbowiag the best means of Cultivating every known Vegetable and Herh^ 
ftc., with directions for management all the year round. By Gbokgb M. F. 
Glbmmt. Illustrated ' • 1/S 

Cottage Gardening : 

Or Flowers, Fruiti, and Vegetables Car SsaU Gardens. By B. Hobdat, 

1/6 

Garden Receipts. 

Edited by Cmaxlu W. Qom t/Q 

Fruit Trees, 

The Scientific and Profitable Culture o£ From the French of M. Dc 
Bbbvil. nfth Edition, carefully Revised by Gborgb Glsnnt. With 
ityWoodcots 3/e 

The Tree Planter and Piant Propagator: 

With anaMioas Illustrations of Grafting, Layering, Budding, Impiemtnti^ 
Hmnee, Pits, ftc. By Samubl Wood 2/0 

The Tree Praner : 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, aad 
Flowering Plants. With numerous Illustrations. By Samubl Wood 1 /8 

*•* TJis mhmf€ Tw VWt, in One, kmttdt^mtfy katf-h^und^^rict 3/6* 

The Ikxt of Grafting and Budding. 

By Chablm Baltbt. Witb lUustntions . • • • . 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
D«aorlptiY« C}«oinetry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspectiira, 
extracted from the French of G. Mongb. To whidi is added a Descriptioa 
of the Principles and Pkactice of Isometrical Projection. By J. F. HbaTisk, 
M.A With 14 Plates 2/0 

Pvaotioal Plan^ Gfr«oin«try: 

Giving the Sfanplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Hbathxk, M.A 
With SIS Woodcttto 2/0 

ABalytioal Gaometry and Ck>nio Beotions, 

A Rudimentary Treatise on. Br Jambs Hann. A New Edition, re- 
written and enlarged by Professor J. K. Yovng .... 2/0 

Buelid (Tli« BI«m«nts of). 

With many Additional Propositions and Explanatory Notes; to which is 

pi«fized an Introducttny Essay on Logic By Hbnrt Law, CE. . 2/6 

%* Said alsa siparattiy, viu : — 

BuoUd. The Fint Three Books. By HsMinr Law, CE. . • 1 /6 

Bl&olid. Books 4i S> ^ >i* >*• By HsMinr Law, CB. . .1/6 

Plane Trigonometry, 

The Elements of. By Jambs Hamm. 1/6 

Spherioal Trigonometry, 

The Elemenu of. By Jambs Hank. Revised by Chaklbs H. Dow> 

UMC, CE 1/0 

\* Or with " Tht EUmmtM •/ Plam Trigpm^mttry^ m Ons Volume, 2/6 

Differential Oaloalns, 

Elemenu of the. By W. S. B. WoouioVM^ F.R.AS., ftc .1/6 

IntegmJ Oalonlus. 

By HoMBBSHAM Cox, B.A 1/6 

Algebra, 

The Elemenu oil B/ Jambs Haodom. M.A With Appendix, containing 
Miscellaneous Inrestigations, and a Collection of Problems . 2/0 

A Key and Companion to the Above. 

An extensirt Repository of Solved Examples and Problems in Algebra. 
By J. R. Young 1/6 

Oommeroial Book-keeping. 

m^th Commercial Phrases and Fornu in English, French, Italian, and 
German. By Jambs Haddon, M.A 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Exi>lanations of iu Theoretical 
Principles, and numerous Examples iot Practice. For the Use of Schools 
and for &lMnstruction. By J.R. Young, late Professor of Mathematics 
m Belfast College. Thirteenth Edition • • • • • 1/6 

A Key to the Above. 

By J. R. Young • • • • 1 /6 

Bquational Arithmetic, 

Applied to Questions of Interest Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
faciliuted. ByW. Hipslby 1/6 

Arithmetic, 

Rttdimentanr, fcr the Use of Schools and Self-Instruction. By Jambs 
Haodon, M.A. Revised by Abkaham Abman •1/6 

A Key to the Above. 

1/6 



'il^ 
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Mathematioal InstraniMits : 

Their Construction, Adjastment, Testing, and Um concisely Explained. 

By J. F. Hbathbr, M.A., of the Royal Military Academy, Woolwich. 

Fifteenth Edition, Revised, with Additions, by A. T. Walmislbv, 

M.I.C.E. Orijnnal Edition, in x vol.. Illustrated .... 2/0 

%* In Tdifimf the above, be eare/ui to say **Origmal EtUHen,** »r give the 

number in, the Series (39), t» i^tingm'sh it /rim the Enlarged EMti^n in 

3 ffoU. {as/ellews)— 

Drawing and Measuring Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Draw* 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used tot the jpuiposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Hbathbk, M.A. 1 /6 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 

Soducing copies of Map* and Plans by Photography. By J. F. Hbathbr, 
.A. Illustrated 1/6 

Surveying and Astronomical Instruments. 

Indudm^ — I. Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments emfMoyed in Astronomical Ob- 
servations. By J. F. Hbathbk, M.A. Illustrated. . . .176 

%* The abeve three volumes form an enlargement of the Authot*s original work, 
** Mathematical Instruments,*' ^rice 210- (Described at to^ of page,) 

Mathematical. Instruments: 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruvcnts. By j. F. 
Hbathbk, M.A. Enlarged Edition, for the most part wi^ Vd y re-wntten. 
The Three Parts as above, in One thidc Volume. . 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perfona 4m. Business Cal- 
culations with unexampled rapidity and accuracy. By CtioKLBS Hoakb, 
CE. With a Slide Rule, in tuck of cover. Eighth EditiMi . 2/6 

ItfOgarithms. 

With Mathematical Tables for Trigonometrical, Astronoodaafii md Nautical 
Calculations. By Hbnky Law, CE. Revised Edition . . 3/0 

Ck>mpound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes. By Fbdok Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For Trigonometrical) Astronomical, and Nautical Calculations ; to whtdi is 

Sefizeda Treatise on Logarithms. By H. Law, CE Together with a 
aies ef Tables for Navigation and Nautical Astroaomy. By Professor T. 
R. Young. New Edition 4/0 

Mathematics, 

As applied to Ae Coostmctiv* Aits. By FitANas CAMnir, CE., ftc. 
Third Edition 3/0 

Astronomy. 

. By the Lite Rev. Robekt Main. FJI.S. Third Edition, ranted and cor- 
' rected to the Present Time. By W. T. Ltnn, F.R.A.S. . . 2/0 

Statics and Dynamics, 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics^ Hydrodynamics, and Central Forces. By T. Bakkk, CE 
Fourth Edition • • • 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dictionary of Painters, and Handbook for Piotnre 
Amateurs. 

Being a Guide for Visitors to Public and Private Picture GaHeries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, ftc. By Philippb Daryl, B.A. 2/6 

Paintintf Popularly Bzplained. 

By T. J. GuLLiCK, Painter, and John Timbs, F.S.A Indnding Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Ekiition S/0 

A Dictionary of Terms used in Architecture, Build- 
ing, Bntfineering, Mining, Metallurgy, ArchsB- 
ology, the Fine Arts, ftc. 

ByJoHNWBALB. Sixth Edition. Edited Iqr R. Hunt, F.R.S. . 6/0 

Music : 

A Rudimentary and Practical Treatise. With nomerons Examples. By 
Charlbs Child Spbncer 2/o 

Pianoforte, 

The Art 

Charlbs Child Spencer 



The Art of Playing the. With numertos Exerdses and Lessons. Br 



The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home>brewing and Wine- 
making, Gardening, &c. By An Old Houibkbbpkr 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. Jambs Baird 1 /O 

Natural Philosophy, 

For the Use of Beginners. By Charlbs Tomlimsom, F.R.S. . .1/6 

The SSlementary Principles of Blectrio Lighting. 

By Alan A. Campbell Swinton, M.Inst.CE., M.I.E.E. Fifth 
Edition 1/6 

The Bleotrio Telegraph, 

Its History and Progress. By R. Sabinb, C.E., F.S.A., ftc, . . 3/0 

Mandbook of Field Fortiflcation. 

By MiOor W. W. Knollts, F.R.G.S. With 163 Woodcuts . . 3/0 

Logic, 

Pure and Applied. By S. H. Emmbns 1/6 

liooke on the Human Understanding, 

Selections from. With Notes hy S. H. Emmbns . . . • 1 /6 

The Ck>mpendious Calculator 

(/m/m/tt/ CalculatMfts). Or Easy and Concise Methods of Performing the 



various Arithmetical Op«rations required in Commercial and Business 
Tmosactions ; together with Useful Tables, &c. By Daniel O'Gormam. 
XVeBty-eighth Kdition, carefolly revised by C. Norris . . 2/6 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Caleadan. 
By W. S. B. WooLHOUSB, F.R.A.S., F.S.S. Screnth Edition . 2/6 

Orammar of the Bn^lish Ton^e, 



I 



poken and Written. With an Introduction to the Study of CompMratiTt 
'hilology. By HtdbClaskb,D.CL. Fifth Edition. . . ; 1/6 

Dictionary of the Bn^ish jLangua^e. 

As Spoken and Written. Containing above 100,000 Words. By Hydb 
Clarke, D.CL. . . .' 3/6 

Composition and Punotuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brbnak. Nineteenth Edition. 1/6 

French Grammar. 

With Complete and Coodie Roles oa the Oenders of French Nouns. By 
G. L. Strauss, Ph.D 1/6 

Bniflish-French Dictionary. 

Comprising a large number of Terms asod in Engineering, Mining, &c 
By Alfkbd Elwbs 2/0 

French Dictionary. 

In two Parts — I. Freoch-English. II. English-French, complete in 
One VoL 3/0 

French and Bnglish Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabolaries of Words, 
Collection of Phrases, and Easy Familiar Dialognos . • 1 /6 

German Grammar. 

Adapted for English Students, from Heyae's Tkeoratical and Practical 
'Grammar, by Dr. G. L. Strauss 1/6 

German Tritflot Dictionary. 

By N. E. S. A. Hamilton. Part 

English-German- French. Part III. French-Germaa-Snglisli . . 3/0 

German Triglot Dictionary. 

(As above). Together with German Granunar, in One Volume . 6/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Eacer d s a i. By Alfred Elwbs. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alprbd Elwbs. Vol. I. Italian- English-French. 2/6 

Italian Triglot Dictionary. 

By Alprbd Elwbs. Vol. II. Bnglish-Frendi- Italian . . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwbs. Vol. III. French-Italian-Englisk . . 2/6 

Italian Triglot Dictionary. 

(As above). In One Vol 7/6 

Spanish Grammar. 

In a Simple and Practical Form. 'With Exercises. By Alprbd Elwbs 1 /6 

Spanish-Bnglish and BngUsh-Spanish Dictionajpy. 

Including a large number of Technical Terms used in Mining, Engineering, 
ftc, with the proper Accents and the Gender of every Noun. By Alprbd 
Elwbs . 4/0 

\* Or wtM tk* Grammar, 6/0- 

J- 



By N. E. S. A. Hamilton. Part I. OermaB-FioDch-English. Part II. 



16 weale's scientific and technical series. 



Portu^eoa Onunmar, 

In a Simple and Practical Form. With Exercises. By Alfrsd Elwbs. 1 /Q 

Portugese -Bngliflh and Bnglish-Portn^eoa Dic- 
tionary. 

Indnding a large number of Technical Terms used in Mining, Engineering, 
ftc, with the |H-oper Accents and the Gender of every Noon. By Alfrbo 

Elwss. Fourth Edition, revised 6/0 

%* Or with tlu Grammar, 7/0* 

JLnimal Physios, 

Handbook of. By Diontsius Lardnbr, D.CL. With 590 Illustrations. 

In One Vol. (739 pages), cloth boards 7/6 

*«* Sold also in Two PartSy atfoHowti^ 
Animal Physics. By Dr. Lardnbr. Part L, Chapters L—VII. 4/0 
Animal Pntsics. By Dr. Lardnbr. Part II., Chapters VIIL— XVIII. 

3/0 
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MATHEMATICS. ARITHMETIC. &c. 

Geometry. Descriptive. J. F. Heatheb . • . 2/- 
Practical Plane Geometry. J. F. Heathbb. • . 2/- 
Analytical Geometry. J. Uann & J. R. Young. . 2/- 
Geometry. Part I. (Euclid, Bks. I.— III.) H. Law 1/6 
Part II. (EucUd, Books IV., V.. VI., XL, 

XIL). H. Law 1/6 

Geometry, in i vol. (Euclid's Elements) • . • . 2/6 
Plane Trigonometry. J. Hann . . . .1/6 
Spherical Trigonometry. J. Hann . . , . i/- 

The above 2 vols., bound together . . . .2/6 
Differential Calculus. W. S. B. Woolhousb . . 1/6 

Integral Calculus. H. Coz i/- 

Algebra. J. Haddon 2Jfr 

Key to ditto 1/6 

Book-keeping. J. Haddon . . . . . 1/6 

Arithmetic. J. R. Young i S 

Key to ditto 

Equational Arithmetic. W. Hifslet ... \ 

Arithmetic. J. Haddon 

Key to ditto 

Mathematical Instruments. Heather & Walmis 
Drawing & Measuring Instruments. J. F. HEit 
Optical Instruments. J. F. Heather 
Surveying & Astronomical Instruments^ 
Heather 

The above 3 vols., bound together . , 
Mensuration and Measuring. T. Baker . 
Slide Rule, & How to Use it. C. Hoare 
Measures, Weights, & Moneys. VT. S. B. Woolhottsb 2/6 
Logarithms, Treatise on, with Tables. H. Law . 3/- 
Compound Interest and Annuities. F. Thoman . 4/- 
Compendious Calculator. D. O'Gorman • .2/6 

Mathematics. F. Campin 3/- 

Astronomy. R. Main & W. T. Lynn . • , • 2/- 
Statics and Dynamics. T. Baker . • • • 1/6 
Superficial Measurement. J. Hawkings • . 3/6 

CROSBY LOCKWCMDD & SON, 7, Stationers' HaU Court. E.C. 
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fii ARCHITECTURE. 

Maitland . . . . 2/- 

E. W. Tark . . . . 3/6 

Building, Art of. S. Dobson and J. P. Allen . . 2/- 

Book on Building. Sir K Bsckjett . • • 4/6 

Dwelling Houses, Erection of. S. H. Brooks • 2/6 

Cottage Building. C. B. Allkn 2/- 

Acoustics of Public Buildings. Ihro£ T. B. Smit& . 1/6 

Practical Bricklaying. A. Hammond . . . . 1/6 

Practical Brick Cutting & Setting. A. Hammond, x/6 

Brickwork. F. Walker 1/6 

Brick and Tile Making. £. Dobson. . . . ?/- 
Practical Brick & Tile Book. Dobson k Hammond ' 
Carpentry and Joinery. T. Tredoold k £. W. Tarn 

Atlas of 35 plates to the aboye 

Handrailing, and Staircasing. G. Collikos . 

Circular Work in Carpentry. G. Collinos . • .,6 

loof Carpentry. G. Collinos . . . • • a/- 

onstruction of Roofs. E. W. Tarn . • • . 1/6 

*nt8 used by Builders. J. W. Christy • . 3/- 

iring. G. H. Blaoroye \ i)^ 

ber Importer's & Builder's Guide. R. E. Grandy 2/- 

' bing. W. P. BuoHAN 3/6 

Hon of Buildings. W. P. Buohan . • 3/6 

\ Plasterer. W. Kemp . . , • . 2/- 

*nting. K A. Dayidson . • • • 5/- 

y Decoration. J. W. Faoey . • • • 2/- 

House Decoration. J. W. Facey • . 2/6 

>n«v J. Black 2/6 

' ement for Users. H. Faija & D. B. Butler 3/- 

• 1/6 



Port. 
Lin^ 
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^y nents, & Mortars. G. R. Burnell 
'^V" id Stone Cutting. E. Dobson 






. 2/6 

\r%, and Buttresses. W. Bland • • 1/6 

and Measurements. A. C. Beaton • x/6 

C ^lete Measurer. B. Horton . • • 4/- 

Superficial Measurement. J. Hawkinqs . . 3/6 

Light, for use of Architects. E. W. Tarn . . 1/6 

Hints to Young Architects. Wiohtwick k Guillaumb 3/6 

Dictionary of Architectural Terms. J. Wxalb . 5/- 



CROSBY LOCKWOOD & SON, 7. Stationers* Hall Court, E.C. 
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Brass Founder's Manual. W. Graham 
French Polishing and Enamelling. R. Bitmbad 
House Decoration. J. W. Faoky. 
Letter-Painting Made Easy. J. G. Badknooh . 
Boot and Shoemaking. J. B. Lsno . • 

Mechanical Dentistry. 0. Huntbr . 
Wood Engraving. W. N, Bbowk. 
Laundry Management 



"> • 



CROSBY UXKWOOD & SON. 7. Sutionen' HaU Court. E.C. 




